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FOREWORD 


This  report  was  prepared  by  the  Goodyear  Aerospace  Corporation  (GAC), 
Akron,  Ohio  under  USAF  Contract  F33615-67-C-1380,  Project  Number  8170,  Task 
Number  817004.  The  work  was  administered  under  the  direction  of  Mr.  F.  W. 
Forbes  (DOY)  for  the  Air  Force  Aero  Propulsion  Laboratory. 

The  program  was  started  15  December  1966  and  final  delivery  of  hardware 
was  made  December  1971. 

Mr.  Leo  Jurich  was  the  initial  project  manager  for  GAC  at  the  start  of 
the  program  and  shortly  thereafter  turned  the  assignment  over  to  Lou  Manning 
to  complete  the  effort.  The  contractor’s  identification  number  for  this 
report  is  GF,R- 15607. 

This  report  was  submitted  by  the  authors  September  1972. 

Publication  of  this  report  does  not  constitute  Air  Force  approval  of  the 
report's  findings  or  conclusions.  It  is  published  only  for  the  exchange  and 
stimulation  of  ideas. 


Blackwell  C.  Dunnam 

Chief,  Technical  Operation  Office 


ABSTRACT 


This  report  presents  the  results  of  Goodyear  Aerospace  Corporation's 
(CAC)  program  effort  under  Contract  F33615-67-C-1380  for  the  Air  Force  Aero 
Propulsion  Laboratory,  Air  Force  Systems  Command,  United  States  Air  Force. 

The  program  was  directed  at  evaluating  the  potential  advantages  of 
expandable  structures  to  serve  in  certain  space  applications  such  as  airlocks, 
crew  quarters  experiment  chambers,  emergency  escape  capsules  and  crew  trans¬ 
fer  tunnels.  A  configuration  of  a  one-man  expandable  airlock  was  chosen  as 
the  candidate  design  most  appropriate  for  an  early  evaluation. 

The  human  factors  characteristics  and  geometry  were  established  after 
extensive  underwater  neutral  buoyancy  testing  by  the  Air  Force  Aero  Medical 
Laboratory.  The  airlock  design  dimensions  were  found  adequate  to  accommodate 
the  entry  of  a  fully  suited  rescuer  with  back  park  to  rescue  another  crewman 
simulating  an  incapacitated  condition.  Hatch  size,  latching,  and  opening 
features,  mobility  restraints  ana  lighting  requirements  were  also  established 

Prototype  training  hardware  was  delivered  in  1970.  The  first  unit  was 
installed  in  a  KC-135  airplas and  evaluated  in  numerous  zero-gravity  flight 
maneuvers  by  Air  Force  per '.on' el,  as  well  as  NASA  astronauts  and  other  inter¬ 
ested  parties.  The  one-G  realistic  trainer  was  displayed  at  the  Second 
National  Conference  on  Space  Maintenance  and  Extravehicular  Activities  held 
at  Los  Vegas,  Nevada  August  6-8,  1968.  Later  it  was  delivered  to  Mcnonnell- 
Douglas  Astronautics  Corporation  -  E.  D.  (MDAC) .  In  a  subsequent  shipment 
of  this  unit  back  to  CAC-Akron  for  a  Critical  Design  Review,  the  article  was 
badly  damaged  by  the  commercial  carrier  in  a  loading  accident.  It  later  was 
temporarily  repaired  and  demonstrated  at  the  okylab  Training  Hardware  Crew 
Systems  Review  held  at  Huntsville,  Alabama  November  16-20,  1970. 

The  qualification  test  program  was  conducted  at  both  GAC-Akron,  and 
Arnold  Engineering  &  Development  Center  (AEDC) ,  Tullahoma,  Tennessee. 

Material  samples  of  the  airlock  structure  were  subjected  to  simulated 
micrometeoroid  pentration  tests  and  exposed  to  simulated  space  radiation  and 
hard  vacuum  environments  with  confirmation  of  the  engineering  analyses. 

The  qualification  test  unit  (identical  to  flight  hardware)  .’as  subjected 
to  extremes  of  temperature,  vacuum,  and  solar  radiation  in  both  the  packaged 
and  deployed  stare.  Functional  deployments  were  conducted  in  a  vacuum  chamber 
at  cold  temperature.  Numerous  pressurization  cycles  were  conducted  to  verify 
structural  adequacy.  In  the  packaged  state,  the  unit  was  subjected  to  shock, 
vibration,  and  acceleration  tests  to  simulate  transportation,  handling  ane 
launch  environments. 

Flight  and  backup  hardware  units  were  completed  and  awaiting  minor 
updating  changes  when  the  cancellation  f  om  the  Sk.ylab  mission  was  received. 
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SECTION  I 


v . 

INTRODUCTION 


This  report  covers  the  Goodyear  Aerospace  Corporation  (GAC)  effort  con¬ 
ducted  under  Contract  F33615-67-C-1380  for  the  Air  Force  Aero-Propulsion 
Laboratory  (AFAPL)  of  Directorate  of  Laboratories,  Air  Force  Syptemd'  Command, 
Wright-Patterson  Air  Force  Base,  Ohio.  The  program  was  aimed  toward  the 
advancement  of  expandable -type  structures  for  certain  applications-  in  the 
National  Space  Programs  where  the  unique  properties  of  these  types  of  structures 
offer  definite  advantages  in  less  volume  during  launch,  lower  weight ,  greater 
structural  efficiency,  and  functional  versatility. 

The  orbital  space  stations  and  the  Space  Shuttle  program  will  involve 
extravehicular  activity  (EVA)  for  various  docking  and  maintenance-  activities. 
Airlocks  and  crew  transfer  tunnels  are  necessary  adjuncts  to  such  activities 
to  reduce  the  atmosphere  lesses  and  maintain  comfort  of  other  crew  members. 
Wherever  such  applications  can  benefit  from  the  reduced  launch  volume  or  a 
flexible  extendable  section  is  required,  the  D021  Expandable  Airlock  Structural 
technology  is  now  available  to  provide  practical  engineering  solutions  to  the 
problem. 

The  original  planning  called  for  launching  the  D021  Experiment  on  NASA's 
Orbital  Work  Shop  (OWS) ,  which  was  an  S-IV-B  spent  stage  of  the  Saturn  IB 
launch  vehicle.  The  spent  stage  was  to  be  purged  and  activated  in  orbit  by 
astronauts  rendezvousing  from  a  later  launch  vehicle  and  converted  to  a  work¬ 
shop  configuration.  NASA's  planning  eventually  progressed  to  the  current 
version  of  the  Sky lab  mission.  These  program  evolutions  created  numerous 
perturbations  in  the  D021  design  requirements  and  interface  restraints  which 
are  covered  in  this  report. 

The  D021  hardware  was  in  the  final  flight  qualification  stages  when  the 
orbital  evaluation  of  the  experiment  was  deleted  by  withdrawal  of  the  experiment 
from  the  Skylab  mission  by  the  action  of  the  Manned  Space  Flight  Experiments 
Board . 

Although  the  experiment  was  not  flown,  flight- type  hardware  was  actually 
built,  and  successfully  withstood  the  rigors  of  simulated  launch  and  orbital 
environments.  The  experiment  was  also  favorably  evaluated  in  underwater 
neutral  buoyancy  and  zero-gravity  airplane  maneuvers  for  ingress-egress 
capabilities.  These  ingress-egress  tests  were  conducted  by  crewmen  clothed 
in  Anollo-type  pressure  suits  to  check  out  the  hatch  size,  the  hatch  move¬ 
ment,  the  latching  mechanism,  the  general  size  of  the  airlock,  and  the  type 
and  location  of  mobility  aids.  These  tests  further  substantiated  the  capa¬ 
bility  of  the  design  to  maintain  its  deployed  shape  even  when  unpressurized. 

The  technology  of  exoandable  elastic  recovery  materials  as  used  in  the 
D021  Airlock  Experiment  has  now  been  advanced  to  the  point  where  only  orbital 
testing  remains  for  complete  evaluation. 


SECTION  II 

EXPERIMENT  DESCRIPTION 


A .  GENERAL 


The  D021  Airlock  Experiment  is  composed  of  the  Expandable  Airlock  and 
the  necessary  support  systems  needed  to  deploy  and  pressurise  the  airlock  from 
within  the  Skylab  and  telemeter  the  desired  engineering  data  to  earth. 

An  operational  airlock  would  require  as  a  minimum  the  following  components: 

(1)  The  flexible  airlock  shell  which  provide.-  the  desired  airlock 
volume 

(2)  One  airlock  ingress-egress  hatch  and  operating  mechanisms 

such  as  latches,  hinges  and  handles  (The  hatch  at  the  opposite 
end  would  be  part  of  the  vehicle  and  operate  within  the  vehicle) 

(3)  A  packaging  restraint  harness  and  release  system 

(4)  Internal  lighting 

(5)  Mobility  aids  (Webbing  handhold  provided  as  required) 

(6)  Two  manual  pressure  release  valves  (one  in  each  hatch) 

(7)  A  pressure  suit  umbilical  connection  for  life  support  and 
communication  lines 

As  an  initial  experiment  certain  additional  equipment  must  be  provided 
to  obtain  engineering  data  for  adequate  functional  evaluation.  The  weight 
of  these  latter  items  is  as  much  as  that  of  the  basic  airlock.  This  additional 
equipment  is  listed  below. 

.t 

(1)  Pressurization  System  -  gas  in  high  pressure  containers  is 
provided  for  3  complete  pressurization  cycles.  (See  Subsection 
3  of  this  section  for  an  early  version  which  provided  5  pressure 
cycles) 

(2)  Pressure  and  temperature  sensing  anu  signal  conditioning  equip¬ 
ment 

(3)  Battery  pack  power  stippl v  for  the  pvrotechnically  operated 
pressurization  sequence  valves. 

(4)  Pressure  bulkhead  and  support  structure  for  equipment  mounting. 


In  normal  use  as  an  operation**!  ,i; 
the  airlock  and  later  discharged  : 
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e  atmosphere  is  bled  into 
vent  valves. 
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The  specific  objectives  of  the  experiment  were: 


(1)  To  validate  the  airlock  design  using  the  elastic  recovery 
materials  approach 


(2)  To  evaluate  the  packaging  and  deployment  dynamics 

(3)  To  provide  a  functional  evaluation  of  the  airlock 


(4)  To  study  the  effects  of  the  space  environments  on  the 
expandable  structure  materials 


(5)  To  evaluate  the  airlock  structural  stiffness  during  astronaut 
ingress-egress  maneuvering. 


These  objectives  were  verified  by  subjecting  materials  and  flight— type 
hardware  to  simulate  transportation,  storage,  launch,  and  orbital  environ¬ 
ments  as  defined  in  Reference  1,  the  Sky lab  Cluster  Requirements  Specification. 
Only  the  actual  flight  verification  of  these  results  has  not  been  performed. 


B.  CHRONOLOGICAL  EVOLUTION 


At  the  Preliminary  Design  Review  held  at  the  George  C.  Marshall  Space 
Flight  Center  (MSFC)  Orbital  Workshop  (OWS)  Project  Office  on  January  18  and 
19,  1967,  the  experiment  was  configured  as  specified  below. 


1.  Preliminary  Design 


a.  Configuration.  The  airlock  was  configured  as  shown  on  Figure  1  for 
the  packaged  state  during  launch  and  as  shown  on  Figure  2  in  the  deployed 
condition  after  orbit  is  achieved. 


Figure  1.  D-21  Packaged  Configuration 
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b.  Airlock  Materials.  The  expandable  structure  layers  of  the  airlock  are 
illustrated  in  Figure  4.  This  illustrates  the  "elastic  recovery  materials" 
approach.  For  packaging,  a  vacuum  is  applied  to  the  space  between  the  outer 
cover  and  the  pressure  bladder  which  collapses  the  section  to  approximately 
1/4- inch  thickness.  The  airlock  is  then  packaged  and  the  restraint  harness 
is  applied.  Upon  release  of  the  harness,  some  relaxation  of  the  structure 
occurs  but  final  shape  is  achieved  by  pressurization  of  the  airlock. 


Figure  4.  Elastic  Recovery  Materials  Technique 


A  nominal  pressure  of  approximately  0.1  to  0.2  psi  is  required  to  fully 
shape  the  airlock.  Once  deployed,  the  airlock  demonstrates  adequate  rigidity 
even  in  the  unpressurized  state.  After  initial  shaping,  the  airlock  is 
pressurized  to  3.5  psi  working  pressure. 

Included  as  part  of  the  experiment,  two  6-inch  by  6- inch  sections  of  this 
material  construction  were  attached  to  the  exterior  of  the  cylindrical  mounting 
structure.  These  were  to  be  recovered  at  the  end  of  the  mission  by  the  astro¬ 
nauts  and  returned  to  earth 'for  comparison  of  physical  properties  before  and 
after  exposure  to  the  space  environment. 

c.  Orbital  Experiment.  The  functional  sequence  of  the  experiment  as  origi¬ 
nally  planned  is  shown  on  Figure  5.  This  early  plan  called  for  up  to  three 
EVA  periods  and  involved  two  pressurization  cycles  of  the  airlock  with  an 
astronaut  on  the  interior  of  the  D021. 

d.  Instrumentation .  Instrumentation  was  to  be  provided  to  measure  inside 
and  outside  surface  temperatures  of  the  expandable  section  and  monitor  the 
internal  pressure  of  airlock.  This  data  would  then  be  used  to  evaluate  the 
thermal  characteristics  of  the  design  and  determine  the  gas  tightness  of  the 
structure  and  hatch  seals. 

The  instrumentation  system  was  interfaced  with  the  SSESM  telemetry  system 
as  shown  on  Figure  6  for  transmittal  to  earth.  High  pressure  transducer.,  are 
also  provided  on  each  high  pressure  system  for  connection. 

2.  Operational  .'.i~lock  Study 

Early  in  the  program,  a  brief  study  was  performed  to  consider  the 
possibility  of  using  the  0021  airlock  in  an  operational  configuration  mounted 
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on  one  of  the  Multiple  Docking  Adapter  (MDA)  docking  ports.  This  would  have 
provided  a  somewhat  more  realistic  functional  evaluation  of  the  airlock  design. 


The  study  and  subsequent  teviews  established  the  following  major  design 
considerations  to  be  required  for  this  alternate  approach: 


(1) 

The  design  working  pressure  would  have  to  be  increased  from 

3.5  psi  to  5.5  psi. 

(2) 

The  size  of  the  D021  airlock  would  require  an  increase  to  a 

2-tnan  capacity  to  be  compatible  with  standard  EVA  safety 
procedures . 

(3) 

Apol^o-typs  probe  or  drogue  connecting  hardware  would  have  to 
be  incorporated  on  the  D021  airlock. 

(A) 

Provisions  for  jettisoning  the  airlock  after  the  experiment  was 
performed  would  be  required  in  order  to  make  the  MDA  port  avail¬ 
able  for  other  purposes. 

(5) 

The  D021  experiment  pressurization  system  would  be  replaced 
by  valves  opening  to  the  MDA  atmosphere. 

(6) 

Failure  modes  and  safety  measures  would  become  more  critical 
to  the  D021/MDA  relationship. 

After  reviewing  the  problem  areas  at  several  meetings  attended  by  DOD, 
NASA  and  GAC,  the  alternate  approach  was  dropped  because  the  additional 
knowledge  to  be  gained  was  not  considered  of  enough  value  to  warrant  the 

added  complexity,  expense,  and  somewhat  higher  risk  factor. 

3.  Miscellaneous  Design  Improver-ents 

A  number  of  design  improvements  were  incorporated  as  the  design  work 
progressed  and  are  discussed  below. 

a.  Micrometecroid  Barrier.  The  original  weight  estimate  for  the  micro¬ 
meteoroid  barrier  was  based  cn  the  use  of  1.0  Ib/ft^  density  polyurethane 
10am.  It  was  found  however  that  chis  material  could  not  meet  the  non¬ 
flammability  requirements  stipulated  by  NASA  Spec.  MSC-A-B-66-3  Rev.  A 

v  (issued  5  June  1967).  Accordingly,  it  was  necessary  to  substitute  a  heavier 
^5^(2. 0  1  b/ft^  dei  si  tv)  foam  material  (self-extinguishing  ir.  air  to  meet  the 

specification  recwiramem s  of  "Category  11")  .  The  net  effect  of  this  material 
change  was  an  added  weight  of  6.5  lbs. 

b.  Improved  Bonding  of  Structural  Layer.  Subsequent  to  fabrication  of  the 
first  two  hardware  units  (qua!  un1' t  and  training  unit). new  bonding  techniques 
were  developed  showing  substantially  improved  bonding  of  the  inter-ply  struc¬ 
tural  layer  in  the  composite  materials  of  the  airlock  wall.  Filament  wound 
specimen  fabrication  of  the  st.jctural  layer  indicated  substantial  bonding 
improvement  between  the  angular  windings .  A  change  in  the  fabrication  process 
was  then  initiated  to  provide  this  improved  inter-ply  adhesion  through  the  use 
of  additional  bonding  material  (Tas lair  yarn  plus  Vitel  adhesive).  This  change 
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was  incorporated  on  the  final  two  sets  of  hardware  (the  flight  and  backup 
units)  and  resulted  in  a  3  lb.  increase  to  the  experiment  weight. 

c.  Locomotion  Aids.  During  underwater  neutral  buoyancy  evaluations,  the 
addition  of  a  rigid  handhold  ring  at  the  hatch  perimeter  was  found  to  be  a 
desirable  addition  to  the  three  internal  and  external  webbing  rings  already 
provided.  This  resulted  in  a  minor  weight  addition  of  less  than  one  pound. 

d.  Thermal  Insulation  Cover.  As  a  result  of  low  temperature  deployment 
tests  and  thermodynamic  analyses,  (see  Subsection  II.  C.  2  and  Section  III) 
it  was  found  necessary  to  add  an  insulation  shroud  to  the  D021  packaged  con¬ 
figurations.  The  purpose  of  this  shroud  was  to  reduce  the  temperature 
extremes  that  would  be  experienced  by  the  expandable  structure  portion  of 
the  airlock  in  the  orbital  environment. 

T'is  shroud  consisted  of  a  multilayer  superinsulation  blanket  permanently 
attached  at  the  lower  circumference  of  the  airlock  and  held  in  place  against 
the  surface  with  snap  fasteners.  This  thermal  shroud  addition  resulted  in  a 
weight  increase  cf  3.0  lbs. 

4.  Weight  Reduction  Program 

As  the  design  progressed,  it  became  apparent  that  the  weight  was  becoming 
excessive.  This  was  partially  due  to  the  design  improvements  which  were  added 
and  partially  to  underestimating  the  amount  of  electrical  systems  required. 

In  order  to  return  to  an  acceptable  weight,  a  weight  reduction  program  was 
invoked  to  eliminate  urneces.  ary  hardware  items  which  would  not  adversely 
affect  the  primary  objectives  of  the  experiment. 

a.  Revision  to  Pressurization  System.  Three  pressurization  bottles  and 
associated  plumbing  were  deleted.  This  deleted  on  working  pressurization 
cycl-  .  nd  the  proof  pressurization  cycle. 

Deletion  of  the  proof  pressurization  cycle  was  judged  o  be  insignificant 
from  a  functional  standpoint  because  of  the  extensive  ground  pressurization 
testing  to  be  performed.  Since  two  working  cycle  pressurizations  were  still 
available,  the  elimination  of  one  was  considered  immaterial.  A  weight  saving 
of  approximately  21.5  pounds  was  achieved. 

o.  Deactivation  of  Hatch  Jettisoning  Feature.  The  need  for  a  hatch 
jettisoning  capability  was  eliminated  when  it  was  established  that  the  astro¬ 
nauts  would  not  be  inside  the  D021  airlock  during  any  pressurization  cycle 
and  could  not  physically  close  the  hatch  from  the  interior  because  of  the 
umbilical  line.  This  change  consisted  of  deleting  the  pyrotechnic  cartridge 
portion  of  the  hatch  pin  pullers  as  well  as  the  associated  wiring.  Approxi¬ 
mately  11.0  pounds  wore  saved  by  this  deletion.  This  change  was  effective 
on  flight  units  only. 

c.  Battery  Pack  Reduction.  In  connection  with  the  above  change,  the  number 
of  Ni-CAD  cells  in  each  Latteiy  pack  was  reduced  from  24  to  16  ce’ls  because 
of  the  reduced  power  requirements. 
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The  potting  compound  was  changed  from  an  RTV  silicone  compound  to 
polyurethane  foamed  in  place, material  of  approximately  2.0  lbs/cu  ft  density. 


A  total  savings  of  6.0  pounds  resulted  from  this  change.  This  change 
was  effective  on  flight  units  only. 

The  final  configuration  weight  summary  is  given  in  Table  III  of  Sub¬ 
section  II.  C.  2. 

5.  Sky lab  Impact  on  D021 

In  mid  1969,  the  D021  Experimenter  was  informed  of  drastic  changes  being 
made  to  the  OvtfS  program  by  NASA.  The  original  "wet"  stage  S-IV-B  workshop 
was  to  be  fully  equipped  and  launched  as  a  "dry"  stage.  The  Apollo  Telescope 
Mount  (ATM)  was  added  to  the  cluster  and  both  payloads  launched  simultaneously 
using  a  Saturn  V  booster.  This  had  serious  impact  on  McDonnell  Douglas  Astro¬ 
nautics  Company's  (MDAC)  A/M  structure  and  in  turn  on  the  D021  Experiment. 

Aside  from  the  mechanical  interface  changes,  a  number  of  new  problems  were 
created  which  took  considerable  time  and  effort  tc  resolve.  The  major  problems 
are  discussed  below. 

First,  with  respect  to  finding  a  new  location  on  the  A/M  structure  for 
the  D021,  no  suitable  space  near  the  A/M  EVA  hatch  was  available.  After  a 
thorough  investigation  by  MDAC  and  numerous  coordination  meeting,  with  AFAPL, 
NASA  and  GAC,  a  location  on  the  ATM  support  structure  between  the  ATM  solar 
arrays  was  selected  as  the  only  acceptable  location  available.  This  is 
illustrated  on  Figure  7. 


Figure  7.  D021  Skylab  Configuration 
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The  major  design  criteria  which  governed  this  selection  were: 

(1)  Adequate  space  for  deployment  of  the  D021 

(2)  Reasonable  access  to  the  D021  during  EVA 

(3)  Acceptable  line  of  sight  visibility  from  the  Structural 
Transition  Section  (STS)  windows 

(4)  Reasonably  unshaded  environment  with  respect  to  the  solar  flux. 

Second,  the  location  and  orientation  of  the  D021  as  finally  selected 
^resulted  in  shading  of  the  D021  and  D024  material  samples  which  up  to  now  had 
been  attached  to  the  base  structure  of  the  D021  as  illustrated  in  Figure  8. 

Since  exposure  to  solar  flux  was  an  important  part  of  these  material  evalua¬ 
tions,  a  new  location  for  this  part  of  the  experiment  had  to  be  established. 

The  spot  selected  was  near  the  A/M  EVA  hatch,  and  by  virtue  of  its  physical 
remoteness  from  the  D021  location,  became  a  separate  EVA  task. 

Third,  since  both  the  thermal  and  launch  vibration  environments  were 
radically  changed,  the  entire  D021  Experiment  had  to  be  re-evaluated 
analytically  to  establish  that  design  limits  would  not  be  exceeded. 

Fourth,  the  presence  of  the  ATM  introduced  a  greater  restriction  to 
materials  offgassing  limits  and  tests  of  the  D021  expandable  materials  had 
to  be  repeated  under  the  new  specification  Reference  2. 

Fifth,  new  time  lines  and  tasks  sequences  had  to  be  established  for  the 
revised  configuration. 

This  change  to  the  Sky lab  configuration  was  announced  after  the  D021 
Training  Hardware  Unit  had  been  delivered  and  the  Qualification  Test  Unit  had 
already  begun  the  Environmental  Qualification  Test  (EQT)  program.  The  Flight 
and  Backup  units  were  in  the  final  assembly  stage.  Fortunately,  the  new  off¬ 
gassing  and  environmental  requirements  did  not  require  changes  to  the  basic 
hardware  design.  However,  the  test  program  was  revised  to  reflect  these 
requirements. 

The  removal  of  the  materials  experiment  from  the  D021  base  did  require 
minor  hardware  redesign  and  .rework. 

6.  Critical  Design  Review 

The  Critical  Design  Review  was  held  at  GAC,  Akron,  Ohio  23  arid  24  June  1970. 
The  design  and  documentation  requirements  were  thoroughly  reviewed  by  the 
attendees  as  listed  in  Appendix  I.  Documentation  changes  as  authorized  by  the 
Review  Board  were  incorporated  in  subsequent  revisions. 

The  following  design  changes  were  also  recommended  and  approved  for 
incorporation  by  the  Review  Board: 

(!)  Pressure  relief  valves  were  added  to  the  high  pressure  gas 
storage  system  to  eliminate  the  chance  of  overpressurizing 
the  system. 
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Figure  8.  D021  and  D024  Material  Samples  -  Original  Location 


(2)  The  restraint  harness  release  was  changed  from  a  horseshoe  shaped 
snap  ring  to  a  pull  pin.  It  was  believed  thar  this  would  reduce 
the  possibility  of  accidental  release  of  the  harness. 

(3)  A  detent-type  engagement  was  added  to  the  hatch  centering  blocks 
which  would  provide  a  catch  in  closed  position  of  the  hatch. 

This  allows  closing  and  latching  of  the  hatch  as  a  one-handed 
operation. 

(4)  The  "Hatch  Open"  r-estraint  was  changed  from  a  Velcro  patch  to 
a  mechanical  snap  fastener. 

(5)  The  D021  internal  control  panel  (which  was  inactive)  was 
removed  and  a  special  bracket  added  to  support  the  light  which 
was  previously  mounted  to  the  panel. 

7.  Experiment  Integration  and  Test  Requirements  Review 

Reviews  were  held  at  both  GAC-Akron  and  MSFC  Huntsville  to  discuss  the 
D021  Experiment  Integration  and  Test  Requirements. 

The  subject  of  end-to-end  system  checkout  was  thoroughly  discussed.  It 
was  established  that  the  logical  place  to  splice  into  existing  circuits  for 
such  a  check  would  be  on  the  A/M  side  of  the  interface.  The  D021  system 
tester  (described  in  Section  III)  connects  directly  to  the  D021  interface  and 
simulates  the  A/M  inputs  to  the  experiment.  This  does  check  out  the  D021 
experiment  by  itself,  but  once  the  D021  is  mated  to  the  A/M,  there  is  no  way 
to  assure  that  the  interconnects  have  continuity  or  have  been  properly  made 
other  than  actually  applying  power  to  the  circuits.  This  is  contrary  to  NASA 
Test  Policies.  No  final  action  was  established,  but  it  was  obviously  an 
NASA/MDAC/MM-DD  responsibility  to  resolve. 

The  following  action  items  were  assigned  to  GAC.  The  responsive  action 
is  described  in  detail  in  Appendix  II. 

(1)  GAC  was  asked  to  establish  an  acceotaMe  method  for  positively 
identifying  each  temperature  and  pressure  senior  after  mating 
to  the  A/M.  The  pressure  sensors  are  accessible  and  a  suction 
applied  to  each  ser.sor  fitting  will  provide  positive  identi¬ 
fication.  The  thermal  sensors  can  be  identified  by  applying 
heat  with  250  watt  heat  lamps  to  each  sensor  location. 

(2)  The  pyrotechnic  cir:uitry  cannot  be  tested  at  design  load  in  an 
end-to-end  chock  without  actually  firing  the  cartridges.  As  the 
next  best  approach,  a  pyrotechnic  simulator  was  designed  and 
built  which  would  plug  into  the  electrical  harness  in  place  of 
the  actual  pyros  and  signal  the  fact  that  an  adequate  firing 
impulse  was  received  when  the  circuit  was  activated.  This  would 
verify  the  circuitry  all  the  way  from  the  A/M  control  panel  up 

to  the  pyro  connectors  as  well  as  circuitry  to  the  battery  packs. 
A  fusistor  cycling  test  was  also  performed  to  verify  that  this 
test  world  not  deteriorate  the  fusistor  capability.  Sample 
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fusistors  were  put  through  100  cycles  of  the  maximum  current 
impulse  applied  by  the  tester  and  then  tested  for  their  fusing 
characteristics.  This  is  reported  in  detail  in  Appendix  B. 


(3)  Dimensional  data  for  the  maximum  deployment  path  of  the  D021 
airlock  was  requested.  This  was  provided  to  MDAC  with  the 
understanding  they  would  make  a  clearance  check  template  from 
this  data  and  use  it  to  establish  actual  clearance  on  the  ATM 
support  structure. 

C.  FINAL  DESIGN  CONFIGURATION 

The  D021  General  Arrangement,  external  dimensions,  C.G. ’s  and  mechanical 
interfaces  are  shown  on  Figure  9.  Both  the  packaged  and  deployed  conditions 
of  the  airlock  are  included. 

The  two  major  subassemblies  which  form  one  complete  airlock  unit  are 
described  below.  These  are  P/N  66QS1512,  the  Expandable  Structure  and 
Equipment  As*-imbly  and  P/N  66QS1513,  the  Base  Structure  and  Equipment  Assembly. 

1.  Expandable  Structure  and  Equipment  Assembly  -  P/N  66QS1512 

The  Expandable  Structure  and  Equipment  Assembly  consists  of: 

(1)  The  basic  expandable  structural  shell  (see  Figure  10) 

(2)  The  hatch  hardware  (see  Figure  11) 

(3)  The  rear  bulkhead  hardware.  (In  an  operational  airlock,  this 
bulkhead  would  be  eliminated.) 

(4)  The  packaging  harness  and  release  cables. 

(5)  The  thermal  blanket. 

(6)  Kobi  1  i  l.y  a  ids . 

The  basic  structural  shell  is  composed  of  the  flexible  material  and  the 
6061-T6  aluminum  alloy  terminal  rings  at  each  end  which  form  the  hatch 
openings.  The  rear  bulkhead  and  the  hatch  retaining  ring  must  be  inserted 
in  the  layup  mold  prior  to  fabricating  the  expandable  structure  because  they 
are  both  larger  in  diameter  than  the  terminal  rings  which  establish  the 
hatch  opening. 

The  major  parts  of  the  expandable  structure  were  previously  illustrated 
in  Figure  4.  The  outer  cover  consists  of  a  film- fabric  laminate  of  Capran* 
(nylon)  film  and  1.0  oz/sq  yd  nylon  fabric  as  illustrated  in  Figure  12.  The 
fabric  layer  forms  the  outer  surface  of  the  airlock.  This  in  turn  is  sprayed 
with  Ball  Bros.  80U  paint  for  thermal  control  purposes. 
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The  micrometeoroid  barrier  is  a  flexible  polyurethane  open  cell  foam  of 
2.0  lbs/cu  ft  density.  Fire  resistance  has  been  incorporated  by  special 
compounding.  A  1.0  inch  thickness  was  selected  as  che  required  thickness  to 
provide  t.he  necessary  micrometeoroid  protection.  The  analysis  for  this  is 
covered  in  Subsection  C  2  and  later  verified  by  test  as  discussed  in  Section 
III. 

The^structural  cage  is  a  matrix  of  filament  wound  stainless  steel  wire, 
"Taslan"''  yarn  and  adhesive.  The  stainless  steel  wire  is  3.6  mil  diameter 
wound  into  a  three  strand  cable  approximately  8  mils  in  diameter.  This 
cable  and  alternate  strands  of  Taslan  yarn  are  fed  through  the  GT&R  compound 
AD913  adhesive  and  applied  to  the  airlock  form  at  a  30°  wrap  angle.  The 
Taslan  yarn  serves  to  pick  up  the  proper  amount  of  adhesive  in  order  to  lock 
the  filament  cage  into  a  stable  structure. 

This  results  in  a  double  layer  of  wire  with  one  layer  at  60°  orientation 
with  respect  to  the  other  layer.  The  spacing  is  32  ends  per  inch  in  each 
layer.  The  center  section,which  is  cylindrical  and  therefore  at  a  higher  unit 
tensile  load  than  the  spherical  ends, is  reinforced  with  a  third  layer  which 
is  wound  on  circumferentially  at  34  ends  per  inch.  Ultimate  tensile  strength 
of  the  wire  is  rated  at  300,000  psi.  The  Instron  Tensile  tests  gave  results 
of  9.2  Ibs/end  minimum  values  (300,000  psi  tensile  strength). 

The  pressure  bladder  is  a  composite  of  several  layers  as  shown  on 
Figure  13.  A  triple  gas  barrier  is  provided  by  the  two  film-fabric  laminates 
and  the  closed  cell  EFT  foam.  The  splices  of  material  are  staggered  so  that 
no  two  seams  are  directly  over  each  other.  This  three- layer  composite  pro¬ 
vides  a  cushioning  effect  to  achieve  greater  puncture  resistance  against 
sharp  object  contact.  Any  single  layer  can  be  pierced  without  making  a  leak 
path.  The  inner  foil  layer  is  multifunctional.  The  primary  purpose  is  to 
act  as  a  flame  barrier  against  flash  ignition  sources,  but  it  also  provides 
improved  scuff  resistance  to  the  bladder  and  in  combination  with  the  alodine 
coating,  provides  passive  thermal  control. 

The  unit  weight  breakdown  of  each  component  is  shown  in  Table  I. 


Figurt  9.  Dlmanalonal  CWaranea  Env*lop»  Packaged  and  Deployed 
/$'•*> 


3>  vfji  wtetrAie 
aecTf«/u  cauMrTat 
(TiP  i  A.PUM) 


FILAMENTS  PER  INCH  ANGULAR  FILAMENT  WINDING 
SECTION  =32  ENDS /INCH) 

_  34  ±2  FILAMENTS  PER  INCH  HOOP  FILAMENT  WINDING 


Figure  10.  Expandable  Structure 
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Figure  12.  Outer  Cover 


Figure  13.  Pressure  Bladder 
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One  of  the  critical  design  problems  is  the  transfer  of  pressure  loads 
from  the  flexible  structure  to  the  rigid  hatch  rings  without  introducing 
serious  stress  concentrations  in  the  flexible  structure.  Figure  14  illustrates 
the  method  used  on  the  D021. 


RgAR  BULKHEAD  END  FILAMENT  HATCH  END 


FIGURE  14  -  METHOD  OF  JOINING  FLEXIBLE  STRUCTURE  TO  FIGID  STRUCTURE 

The  bladder  serves  as  an  elastic  cushion  between  the  filament  wound 
structural  layer  and  the  hard  terminal  ring  made  of  6061-T6  aluminum  alloy. 
There  is  a  pile-up  of  filament  material  at  this  opening  due  to  the  inherent 
nature  of  the  winding  process  which  provides  a  natural  high  strength  hoop 
at  the  hatch  openings.  It  is  then  oxily  necessary  to  insert  a  rigid  hoop 
inside  the  cage  which  can  withstand  the  compressive  load  created  by  sliding 
against  the  taper  of  the  filament  cage. 

By  keeping  the  intervening  surface  between  these  members  soft  and  elastic, 
the  pressure  loads  are  uniformly  distributed  around  the  opening  and  transferred 
from  the  soft  structure  to  the  hard  structure  without  stress  concentrations. 

The  hatch  hardware  was  illustrated  on  Figure  11.  A  compression-type 
seal  made  of  butyl  rubber  is  used  to  seal  the  hatch  in  the  closed  position. 
Butyl  demonstrates  excellent  flexibility  at  temperatures  as  low  as  -65°F 
and  has  acceptable  offgassing  characteristics  in  vacuum.  Two  latches  are 
provided  at  diametrically  opposite  sides  of  the  hatch  to  provide  the  initial 
clamping  pressure.  Internal  pressure  within  the  airlock  adds  further  com¬ 
pression  to  the  seal.  A  handle  is  located  directly  in  the  center  of  the 
hatch  on  both  the  interior  and  exterior  surface  for  manipulation  of  the  hatch. 
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The  hinge  mechanism  has  been  designed  to  provide  maximum  unobstructed 
internal  volume  in  both  the  closed  and  open  positions.  A  10-inch  diameter 
viewing  port  is  provided  in  the  hatch  to  permit  visual  observations.  The 
original  planning  of  the  experiment  called  for  several  pressurization  cycles 
with  an  astronaut  on  the  interior  of  the  D021.  Therefore,  an  emergency 
escape  feature  was  included  in  the  original  hatch  design.  This  resulted  in 
a  two-piece  hatch  design  with  the  inner  section  of  the  hatch  small  enough  to 
pass  through  the  terminal  rings.  The  two  sections  were  joined  at  six  equally 
spaced  radial  points  by  means  of  shear  pins.  In  case  of  emergency,  these 
pins  would  be  pulled  by  means  of  electrically  initiated  pyrotechnic  cartridges. 

The  basic  emergency  escape  feature  was  retained  even  after  the  astro¬ 
nauts  tasks  were  revised  to  eliminate  this  requirement  because  of  potential 
future  need  for  this  capability  on  an  operational  airlock.  However,  the 
system  was  deactivated  for  the  flight  and  backup  units  by  removing  the  pyro¬ 
technic  cartridges  and  the  related  electrical  system. 

The  rear  pressure  bulkhead  is  a  6061-T6  aluminum  alloy  dome  welded  at  its 
periphery  to  a  6061-T6  aluminum  alloy  tubular  ring.  The  installation  detail 
was  previously  shown  in  the  detail  of  Figure  10.  The  pressure  seal  is 
identical  to  that  used  on  the  hatch  opening.  The  internal  control  panel  was 
originally  mounted  on  this  bulkhead  but  was  removed  from  Flight  and  Backup 
units  as  a  CDR  action  item. 

A  pair  of  GRIMES  32  candlepower  lights  are  mounted  to  this  bulkhead  to 
furnish  internal  lighting,  an  electrically  actuated  vent  valve  is  mounted  to 
the  exterior  of  the  bulkhead  to  depressurize  the  airlock,  between  pressure 
cycles. 

An  additional  vent  line  is  also  attached  to  the  bulkhead  leading  to  a 
manually  operated  vent  valve  as  a  backup  system.  A  cover  plate  seals  off  the 
opening  which  was  originally  planned  for  use  as  an  umbilical  feed-through 
connection.  A  high  capacity  vent  valve  is  also  mounted  on  the  bulkhead.  This 
was  part  of  the  emergency  hatch  release  system  but  has  been  deactivated  and 
locked  in  the  closed  position. 

The  packaging  harness  is  shown  on  Figure  15  and  the  release  system  is 
shown  on  Figures  16  and  17.  The  harness  restrains  the  airlock  in  the  packaged 
state  during  launch.  It  consists  of  six  webbing  straps  which  are  secured  to 
a  circumferential  steel  tension  cable  located  at  the  pressure  bulkhead  end  of 
the  airlock.  The  opposite  end  of  each  strap  terminates  in  a  steel  fitting 
which  is  captured  by  the  quick-release  collars  at  the  center  of  the  hatch. 

When  the  airlock  is  deployed,  the  pin  is  first  pulled  from  this  quick  release 
collar  by  means  of  a  cable  leading  to  an  electric  actuator  located  in  the  base 
structure.  A  second  release  cable  is  also  provided  for  a  manual  release  backup 
mode.  The  six  straps  are  then  free  to  fall  away  from  the  airlock  except  that 
the  ends  are  attached  to  the  outer  surface  of  the  airlock  by  means  of  restrain¬ 
ing  cords.  These  restraining  cords  are  adjustable  in  length  so  that  they  hold 
the  harness  straps  and  release  collar  against  the  outer  surface  of  the  airlock 
in  the  deployed  condition  as  shown  in  Figure  18. 

The  thermal,  blanket  consists  of  seventeen  layers  of  aluminized  "Kapton" 
film  separated  by  fiberglass  cloth  layers  to  achieve  a  "super  insulation" 
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Figure  15.  Packaging  Harness 


Figure  16.  Harness  Installed 


blanket.  The  blanket  is  tailored  into  six  sections  which  are  snapped  together 
to  cover  the  expandable  portion  of  the  airlock  as  illustrated  in  Figure  19. 

The  purpose  of  the  blanket  is  to  moderate  the  temperature  variations  experi¬ 
enced  by  the  airlock  expandable  structure  during  orbit  prior  to  deployment. 

The  thermal  aspects  are  discussed  in  detail  in  Section  III. 


Figure  19.  Thermal  Blanket  Installed  on  Packaged  Airlock 


When  the  airlock  is  deployed,  the  cover  is  forced  apart  at  the  snap 
connections  by  the  action  of  the  expandable  section  of  the  airlock.  Each 
blanket  gore  is  attached  co  one  of  the  harness  straps  in  order  to  retain 
each  blanket  gore  in  a  given  position  after  deployment. 

The  mobility  aids  consist  of  three  circumferential  webbing  handholds 
located  on  both  the  outside  and  inside  surface  of  the  airlock.  A  rigid  hand¬ 
hold  ring  is  also  provided  at  the  entrance  hatch  of  the  airlock.  The  external 
mobility  aids  are  visible  on  Figure  18  and  the  internal  aids  are  shown  on 
Figure  20.  The  hatch  handle  may  also  be  used  as  a  mobility  aid  when  the 
hatch  is  in  the  latched  position. 

a.  Base  Structure  Assembly  -  P/N  66QS1513.  The  base  structural  assembly 
consists  of  a  cylindrical  aluminum  alloy  shell  which  attaches  to  the  expandable 
structure  at  one  end  and  provides  the  A/M  mechanical  interface  connection  at 
the  other  end.  The  A/M  electrical  and  instrumentation  interfaces  are  located 
on  the  cylinder  exterior.  Hardware  components  for  the  various  systems  required 
by  the  experiment  are  located  in  the  interior  of  this  cylindrical  section. 
Appropriate  brackets  are  provided  to  support  these  equipments  from  cylindrical 
base  section.  This  major  subassembly  is  illustrated  in  Figures  21,  22  and  23. 
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Figure  23.  Interior  View  of  Base  Section 


The  major  systems  and  components  of  the  Base  Structure  assembly  are: 

(1)  The  Base  Structure.  (Includes  all  mounting  brackets,  clips, 
stiffeners,  etc.) 

(2)  The  Pressurization  System. 

(3)  The  manually  operated  Vent  Valve. 

(4)  The  Electrical  System. 

(5)  The  Instrumentation  System. 

(1)  Base  Structure.  The  Base  Structure  is  composed  of  a  cylindrical 
aluminum  alloy  sheet, 34- inch  diameter  and  9.5-inch  high, with  a  flanged  ring 
riveted  to  each  end  to  provide  attachment  faces.  Stiffeners  are  riveted  to 
the  internal  surface  to  reinforce  the  cylindrical  section  and  carry  loads 
from  one  flange  surface  to  the  other.  Six  flared  holes  were  put  into  the 
cylindrical  surface  to  serve  as  pockets  to  locate  the  spherical  high  pressure 
gas  storage  bottles.  Steel  straps  are  used  to  secure  these  spherical  bottles 
in  these  pockets. 

(2)  Pressurization  System.  The  Pressurization  System  is  schematically 
shown  on  Figure  24.  There  are  three  steel  bottles  of  150  cu.  in.  capacity. 

The  one  bottle  which  is  used  for  preshaping  and  initial  deployment  is  charged 
to  250  psi,  and  the  remaining  two  are  charged  to  3150  psi.  The  250  psig 
bottle  pressurizes  the  78  cu.  ft.  expanded  airlock  volume  to  0.295  psia  and 
each  3150  psig  bottle  will  provide  3.5  psia  internal  pressure  to  the  airlock. 
The  bottles  are  charged  with  N2  gas  through  their  individual  recharging  valves 
which  project  through  the  Base  Structure.  Pressure  transducers  are  mounted  to 
each  bottle  drain  fitting  to  permit  monitoring  of  the  charge  pressures. 

Release  of  the  gas  to  the  airlock  is  controlled  by  individually  actuated  pyro¬ 
technic  discharge  valves.  Upon  firing,  the  pyrotechnic  gases  are  totally 
contained  within  the  cartridge  chamber,  operating  a  sealed  plunger  which  then 
shears  off  and  retains  a  tube  section  allowing  the  high  pressure  N2  to  dis¬ 
charge  through  an  accurately  sized  orifice.  A  pressure  relief  valve  is 
located  on  the  pressure  bulkhead  at  a  setting  of  5.0  psi  to  prevent  inadvertent 
overpre  ssurizat ion . 

A  manually  operated  vent  valve  is  mounted  to  the  interior  of  the  Base 
Structure  with  the  operating  handle  protruding  through  the  base  structure. 

A  flexible  l-inch  diameter  line  connects  the  valve  to  the  Expandable 
Structure  rear  bulkhead.  This  provides  a  backup  system  for  releasing  airlock 
pressure  in  case  of  failure  of  the  electric  vent,  valve  described  in  Section 
II-C. 

(3)  Electrical  System.  The  JX321  Airlock  electrical  system  consists  of 
four  (4)  major  subsystems.  These  are: 

(1)  Restraint  Harness  Release 

(2)  Pressurization  Control  System 
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Figure  24.  System  Schematic  -  Airlock  Pressurization 

(3)  Emergency  Egress  System  (Inactive  on  Flight  Hardware) 

(k)  Airlock  Lighting  System 

The  major  subassemblies  associated  with  these  systems  are: 

(l)  The  D021  Airlock  Control  Panel  (Deleted  on  Flight 
Hardware) 

(2)  Pressurization  System  Relay  Box 

(3)  The  Battery  Packs  (2)  including  battery  heaters 

These  systems  are  integrated  with  the  NASA  A/M  which  provides  28  V.D.C. 
power  and  remote  control. 

This  system  is  shown  in  functional  block  form  on  Figure  25- 

To  start  the  D021  Airlock  Experiment,  a  "START  EXPERIMENT”  switch  is 
provided  on  the  NASA  A/M  control  panel.  This  switch  provides  2S  volt  DC 
power  to  all  the  control  circuits  and  instrumentation  system.  Jt  is  an 
on-none-off  lever-lock  type  switch,  locked  in  both  positions. 

The  Restraint  Harness  Release  consists  of  a  28-volt  DC  motor  driven 
actuator  controlled  from  a  switch  on  the  NASA  A/M  control  panel.  When 
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energized,  the  actuator  reels  in  a  cable,  which  in  turn  pulls  a  pin  releasing 
the  airlock  packaging  harness  allowing  the  expandable  structure  to  deploy. 

When  the  actuator  reaches  the  end  of  its  travel,  it  actuates  a  limit  switch 
which  disconnects  power  from  the  motor  and  lights  an  indicator  light  of  the 
NASA  A/M  control  panel.  Power  for  the  motor  is  supplied  from  the  NASA  A/M 
and  the  requirement  is  1.0  ampere  (3.5  ampere  surge)  at  28-volt  DC.  A  manual 
release  cable  is  provided  at  the  airlock  base  structure  as  a  backup  deploy¬ 
ment  system.  The  cable  routing  and  termination  on  the  ATM  structure  is  to  be 
determined  by  MDAC. 

The  pressurization  control  system's  function  is  to  operate  the  three  (3) 
pyrotechnic  valves  to  pressurize  the  airlock  and  to  operate  the  motorized  vent 
valve  to  vent  the  airlock  between  pressurization  cycles.  To  function,  the 
pyrotechnic  valve  circuits  must  first  be  armed  from  the  NASA  A/M  control  panel. 

The  arming  switches  control  redundant  latching -type  arming  relays  located 
in  the  relay  box.  When  the  switch  is  thrown  to  the  ON  (arm)  position,  the 
arming  relays  energized  and  magnetically  latched  in  the  armed  position.  In 
this  position,  battery  power  is  supplied  to  the  pyrotechnic  valve  control 
circuits.  The  relays  will  remain  in  the  armed  position  until  the  switch  is 
pressed  to  the  momentary  ON  (disarm)  position.  Then  the  relays  are  energized 
and  magnetically  latched  in  the  disarm  position.  Indicator  lights  on  the  con¬ 
trol  panel  show  when  the  arming  relays  are  in  the  armed  position.  The  NASA 
A/M  provides  28-volt  DC  power  to  operate  the  arming  relays  and  the  indicator 
lights . 
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When  the  pressurization  system  has  been  armed  from  the  NASA  A/M,  the 
three  (3)  pyrotechnic  valves  may  be  operated  from  their  respective  switches  on 
the  NASA  A/M  control  panel. 

The  valve  control  switches  energize  redundant  firing  circuits.  Each 
redundant  firing  circuit  consists  of  a  firing  relay  located  in  the  relay  box; 
a  16.8  volt  nickel',  cadmium  battery  pack  (Qualification  Test  Hardware  is 
equipped  with  28  VDC  battery  packs  because  of  the  active  emergency-egress 
system)  which  is  common  to  all  firing  circuits  and  one  side  of  the  dual  bridge 
wire  pyrotechnic  power  cartridges  used  for  operating  the  valves.  The  redundant 
circuits  are  routed  in  separate  wire  bundles  and  isolated  from  each  other  through 
redundant  connectors  except  where  they  terminate  in  a  single  dual  bridge  wire 
device.  The  battery  packs  are  redundant  and  the  relay  box  contains  redundant 
circuitry  and  components  that  are  separated,  inside  the  box,  by  a  solid 
aluminum  bulkhead. 

When  one  of  the  firing  switches  is  activated,  28  volt  DC  from  the  NASA 
A/M  simultaneously  energizes  the  coils  of  two  firing  relays  located  in  the 
relay  box.  When  the  firing  relays  are  energized  they  connect  each  of  the  dual 
bridge  wires  in  the  valve's  power  cartridge  to  one  of  the  nickel-cadmium  battery 
packs.  The  battery  packs  supply  the  necessary  energy  to  fire  the  power  car¬ 
tridges  actuating  the  valve.  Current  limiting  fusistors  are  provided  in  series 
with  each  bridge  wire  to  remove  any  fault  from  the  battery  in  event  of  a  bridge 
wire  short. 

A  vent  valve  and  control  system  are  provided  to  decompress  the  airlock 
between  pressurization  cycles.  The  vent  valve  may  be  operated  from  a  control 
switch  on  the  NASA  A/M  control  panel.  The  vent  valve  is  left  in  the  "OPEN" 
position  during  launch.  Moving  the  vent  valve  switch  to  "CLOSE"  from  the 
A/M  control  panel  energizes  a  magnetic  latching  relay  which  then  supplies 
28  VDC  power  to  the  vent  valve  drive  motor.  When  the  valve  reaches  the  closed 
position,  a  limit  switch  cuts  the  motor  power  and  provides  a  signal  to  the 
"CLOSED"  status  indicator  light  on  the  A/M  control  panel.  Moving  the 
switch  to  "OPEN"  initiates  a  similar  sequence  until  the  valve  limit  switch 
cuts  the  power  at  the  valve  open  position  and  provides  an  "OPEN"  signal  to  the 
status  indicator  light. 

(4)  Instrumentation  System.  The  Instrumentation  System  consists  of 
eight  (8)  telemetry  data  channels.  There  are  6  temperature  and  2  pressure 
monitoring  sensors  and  their  associated  signal  conditioning  equipments  which 
provide  zero  to  5  volts  DC  analog  signals  at  the  D021  Airlock/NASA  Airlock 
Module  (A/M)  interface.  A  schematic  of  the  telemetered  "instrumentation" 
is  shown  on  Figure  26.  Four  (4)  of  the  temperature  sensors  are  Rosemount 
Engineering  type  118L  sensors  and  are  located  90  degrees  apart,  on  the  exterior 
surface  of  the  expandable  structure  portion  of  the  D021  Airlock.  The  range  of 
operation  for  these  sensors  has  been  m* ’"'rated  from  -148  °F  to  +248°F. 

The  remaining  two  temperature  sensors  are  Yellow  Springs  Instrument 
type  427  and  are  located  180  degrees  apart  on  the  inside  surface  of  the 
expandable  structure  portion  of  the  D021  Airlock.  These  sensors  are  located 
directly  inside  of  t.wo  of  the  exterior's  sensors  so  that  the  temperature 
different  al  through  the  wall  material  may  be  observed.  The  range  of  opera¬ 
tion  of  these  sensors  has  been  calibrated  from  -40°F  to  i-150°F.  The  accuracy 
of  the  temperature  data  at  the  D021  Airlock/NASA  A/M  interface  is  -  1.0  percent 
of  full  scale. 
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Figure  26.  Telemetered  Instrumentation  Schematic 


The  two  pressure  sensors  have  a  0-6  psig  range  and  are  similar  to  Servonic 
Instruments  Inc.,  Model  3301.  The  sensors  are  used  to  monitor  D021  Airlock 
internal  pressure.  The  accuracy  of  the  pressure  data  at  the  D021  Airlock/NASA 
A/M  interface  is  ±  1.5  percent  of  full  scale. 

These  8  data  systems  are  conditioned  to  zero  to  5  volts  full  range  DC 
signals  in  an  instrumentation  box  located  in  the  D021  Airlock  base  support 
structure. 

The  instrumentation  box  requires  0.34  amperes  of  28  volt  DC  power  to  be 
supplied  by  the  NASA  A/M.  The  signal  source  of  all  channels  is  less  than 
10,000  ohms  and  the  rate  change  in  signal  level  is  such  that  they  can  be 
commutated  at  a  sample  rate  of  1.25  samples  per  second. 

The  data  is  to  be  monitored  continuously  from  the  start  of  the  D021 
Airlock  Experiment  until  the  completion  of  the  initial  deployment  and 
pressurization,  then  for  five  seconds  once  every  four  hours  for  the  first 
two  days,  then  continuously  during  the  EVA  ingress-egress  evaluation,  and 
second  pressurization,  and  firally  for  5  seconds  every  12  hours  through  the 
remainder  of  the  test.  The  necessary  data  storage  and  telemetry  equipment 
to  accomplish  this  will  be  provided  on  the  NASA  A/M  side  of  the  D021  Airlock/ 

N\SA  A/M  interface. 

In  addition  to  being  fed  to  telemetry,  the  outputs  of  the  0-6  psig  sensors 
are  fed  into  detector  circuits  in  the  instrumentation  box  which  provides  step 
function  signals  as  the  D021  Airlock  internal  pressure  passes  through  0.1  psi. 
These  signals  are  used  to  operate  an  indicator  light  on  the  NASA  A/M  control 
panel.  The  low  pressure  indicator  light  will  come  ON  with  decreasing  pressure 
when  the  airlock  internal  pressure  drops  below  0.1  psi,  indicating  the  pressure 
is  at  a  safe  level  to  open  the  hatch.  One  low  pressure  detector's  circuit  with 
indicator  light  is  used  with  each  0-6  psig  sensor  to  provide  redundant  internal 
airlock  pressure  indicators  at  the  NASA  A/M  control  panel. 

In  addition  to  the  telemetered  instrumentation  described  above,  one  (1) 
0-1000  psig  transducer  and  two  (2)  0-3500  psig  transducers  are  installed  on 
the  high  pressure  circuits  to  provide  ground  monitoring  of  the  bottle  pressures 
via  hardline  cable. 

Upon  removal  of  the  hardline  monitor,  it  is  replaced  with  a  jumper  connector 
which  provides  the  bottle  pressure  discharged  signals  to  the  D021  Airlock  instru¬ 
mentation  box.  Detector  circuits  are  provided  in  the  instrumentation  box  similar 
to  those  provided  for  the  0-6  psig  sensors  to  operate  indicator  lights  if  so 
desired. 
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2.  Design  Analyses  and  Supporting  Data 


a.  General .  This  section  presents  the  engineering  analyses  performed  in 
support  of  the  D021  Airlock  Experiment  design  requirements.  A  number  of  times 
new  requirements  were  imposed  or  existing  requirements  increased  in  severity 
as  a  result  of  NASA's  drastic  program  revisions.  This  continued,  even  after 
D021  hardware  was  actually  fabricated.  In  spite  of  this,  only  minor  modifica¬ 
tions  were  found  necessary  to  adapt  the  hardware  to  meet  the  more  stringent 
requirements  - 
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The  analyses  are  grouped  in  the  following  categories: 

(1)  Stress  Analysis 

(2) ‘  Weights  Summary 

(3)  Thermodynamic  Analyses 

(4)  Fluid  Flow  and  Gasdynamics  Computations 

(5)  Micrometeoroid  Analysis 

(6)  Miscellaneous 

b.  Stress  Analysis.  Many  of  the  structural  analyses  performed  during  the 
early  phase  of  the  program  are  no  longer  meaningful  as  a  result  of  the  newer 
Sky lab  requirements.  However,  the  hardware  has  actually  been  subjected  to 
these  increased  loading  conditions  and  has  survived  without  failure.  These 
test  results  are  covered  in  Section  III. 

c.  Pressure  Calculations.  The  design  working  pressure  for  the  airlock 
was  specified  as  3.5  psi  with  a  Factor  of  Safety  of  3.0.  The  following  calcu¬ 
lation  substantiates  the  strength  of  the  filament  wound  structural  cage. 


STKESS  ANALYSIS 


DO 21  FILAMENT  WINDING 


The  D021  cinf iguration  is  as  shown. 

The  design  load  requirement  is  an 
internal  pressure  of  3.5  psi  with  a 
safety  factor  of  3  for  a  total  of 
10.5  psi.  Ultimate. 

The  filament-wound  pressure  vessels 
are  fabricated  by  applying  a  specif¬ 
ically  oriented  pattern  of  continuous 
filaments  to  a  properly  contoured 
mandrel,  Ii,  the  cylindrical  portion 
of  the  pressure  vessel,  the  unidirect¬ 
ional  filaments  are  oriented  to  meet 
the  requirements  of  the  biaxial  force 

field.  This  is  accomplished  through  a  combination  of  longitudinal  (a=30.25  ) 
and  circumferential  («=90°)  winding  patterns.  The  circumferential  load/inch 
is  N0=pR  and  the  axial  load/inch  is  N^=pR .  The  axial  load  is  resisted  by 
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the  longitudinal  windings  and  the  circumferential  load  by  a  combination  of 
the  longitudinal  and  circumferential  windings.  The  longitudinal  windings 
also  resist  the  meridional  and  circumferential  forces  in  the  dome.  The  dome 
contour  has  been  matched  with  the  longitudinal  winding  angle  (30.25  )  to 
provide  a  "balanced-in-plane"  contour  which  provides  a  load  condition  which 
matches  the  winding  pattern  to  maintain  the  same  load  throughout  the  long¬ 
itudinal  windings  in  the  dome  and  cylinder.  These  loads  are  resisted  by 
a  continuous  high  strength  steel  wire  in  a  three-strand  cable.  The  strength 
of  this  cable  has  been  established  by  test  at  9.2  pounds  per  cable.  Because 
of  the  large  dome  openings,  15%  reduction  is  applied  to  the  longitudinal 
windings  to  provide  for  possible  variations  in  winding  pattern  and  load 
conditions  in  the  dome  area.  Therefore  the  cable  strengths  are 

Circumferential  cable  =9.2  pounds/cable 
Longitudinal  cable  =  9.2  x  .85  =7.82  pounds/cable. 

The  loads  in  the  cylinder  are 

Nq  =  10.5  x  30  =  315#/inch 
N$  =  10-5  x  30  =  158#/ inch 


The  number  of  longitudinal  windings  required  per  inch  are 

N<» 


Long,  cables 


(cos  30. 25°)2  7.82  (.864) 2  7.82 

Actual  No.  Used  =  3?  Cables/Inch:  M.S.=32  =  l.i85 

27 

The  number  of  circumferential  windings  required  per  inch  are 


158  =  27  cables/inch 

,  x')  o~  Req  d 


Circumferential  cables  =  Nq-  32  (7.82)  Sin2  30.25° 

9.2 

=  315  -  32(7.82)  (.504)2  =  27.3  Cables/Inch 
— -  Req  d 


Actual  No.  Used  =  34  wbles/Inch.'.M.S .  =  34  =  1.245 

27.3 

Although  tests  have  shown  that  sharp  creasing  of  individual  cables  reduces 
the  breaking  strength  by  approximately  15%,  no  such  deterioration  was  found 
when  the  composite  layups  were  folded  and  unfolded  over  100  times  then 
tested.  Apparently,  the  wire  is  protected  against  sharp  creasing  when 
enclosed  by  the  total  composite  materials.  At  any  rate,  the  18%  and  24% 
margins  of  safety  calculated  above  are  considered  more  than  adequate  to 
cover  any  packaging  effects. 
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A  stress  analysis  of  the  hatch  assembly  subjected  to  the  proof  and  the 
ultimate  internal  pressures  is  presented  below.  The  minimum  margin  of  safety 
for  the  dome  was  found  to  be  +2.98.  The  combined  stresses  in  the  ring  yielded 
net,  circumferential  compressive  stresses  throughout  with  a  conservatively 
calculated,  minimum  margin  of  safety  of  +0.06. 

The  structural  integrity  of  this  assembly  is  considered  adequate, 
d.  Stress  Calculation  of  Hatch  Assembly  (Reference  GAC  Dwg.  #66QS1481). 


Design,  Pressure  Loads: 

p j  =  3.5  psi  (limit) 

p  =  4.9  psi  (proof) 

P 

p^  =  10.5  psi  (ultimate) 
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Material  -  6061  T-6  ,AL. 
Before  Welding 


ty 


J  15  ksi  (across  weld) 

11  ksi  (parallel  to  weld) 


Dimensions:  (Inches) 

p  =  45.0 


Ftu 

»  38  ksi 

"d 

=  14.294 

Fty 

=  35  ksi 

R 

r 

=  15.235 

Fcy 

=  35  ksi 

D 

r 

=  2.0 

Fsu 

=  24  ksi 

d 

=  0.75 

After  Welding  (at  Weld) 

e 

=  0.27 

F 

=  24  ksi 

f 

=  1.75 

g  =  1.192 

t  =  0.040 

o 

t  *  0.049 

r 

t  =  0.040 

P 

0  »  19°  48.’ 


-3  Dome 


45  p 


fcD 


(2) (0.040) 


-  563  p 


f  =  (563)  (4.9)  =  2760  psi;  M.S.y  =  -  1  =  +2.98 


f  =  (563) (10.5)  •  5910  psi;  M.S. 

tu  u 


•  24000 
5910 


1  =  +3. 


-101  Ring 


2  7T  R 


r  _ 


N 


2  .  ls.954  in. 

6 


N, 


JSA. 


=  22.5  o 


=  (22.5)  (0.3386)  ?  ■  7.63  p 


N,  sin  0 

d 
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m 

rri 

: — n 

_ 1 _ 

n 

n 

n 

□ 

* _ _ _ _ -  -  3 

V 


Nd  cos  0  =  (22.5)  (0.9409)p  =  21.2  p 


_ E _  ,R  +  _\2  _  (15.235)  X  Li25T  -  « 

2  R  (Rr  +  s)  2  (15.235)  p  8.86  p 


Ry  =  ql  -  (8.86)  (15.954)  p  =  141.3  p 


Ring  Compressive  Force,  P 


Pp  =  -  Rr  Nd  cos  0  =  -  (15.235)  (21.2)  p  =  323.5  p 


P  =  -(323.5)  (4.9)  =  -  1583  lbs. 

cy  - 


P  =  -(323.5)  (10.5)  =  -3390  lbs. 

cu  _ _ _ 


Ring  As  A  Continuous  Beam 

_A 
2 


Shear,  V,  =  q  -  x'.  =  8.86  C-1--:-95*  -  x)  p  =  70.7  p  -  8.86  px 


V  =  V  =  70.7  p 

max  o 

V  =  (70.7)  (4.9)  =  346  lbs. 

max  - 

y 

V  =  (70.7)  (10.5)  =  742  lbs 

max  - 

u 


Moment ,  M  = 
x 


12 


(6  J  x  -  /2  -  6  x2) 


@  x  =  °,  Mo  =  -  -f| 


-  (-~|^-)  (15.954)2  p 


=  -188.3  p 


li&r 


M  =  -  (188.3)  (4.9)  =  -  922  in. -lbs. 
oy  - 


m 


m  ■■ 


§  ! 


M  =  -  (188.3)  (10.5)  =  -  1975  in. -lbs. 
ou  - 


M 


@  x  - 


M 


rn 


M  =  461  in. -lbs. 
my - 


M  =  987.5  in. -lbs. 
mu  - 


Moment  Due  to  Offset  Reactions,  M 


m 


\ 


2  t  R 


m  ; 
! 


M  =  m  R 
m  r 


f  R 


(1.75)  (141.3) 
2  ir 


p  =  39.3  p 


M  =  (39.3)  (4.9)  =  193  in. -Ibs. 

my  - 


M  =  (39.3)  (10.5)  =  413  in. -lbs. 

mu  - 


Basic  Ring  Section  Properties 
A  =  0.3003  In.2 


I  =  0.1430  In. 


A  D 


2  V 


~  =  0.09559  In.3 
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Stresses 


f 

sy 


V  Q 

_ 


2  t  I 
r 


(346)  (0.09559) 
2(0.049) (0.1430) 


2360  psi 


f 

su 

10.5 

4.9 

(2360)  = 

5070  psi 

M.S.C 

min 

F 

su 

24000 

-  1 

f  "  1 

su 

5070 

—  1 

c 

P 

cy 

1583 

psi 

t 

cy 

A 

0.3003 

P 

cu 

3390 

=  -  11300 

psi 

"cu 

A 

0.3003 

g  x  =  0 


+ 


M 


D 

r 


21 


+  (-922  +  193) 

0.1430 


±5100  psi 


±  (-1975  +  413) 
0.1430 


±  10940  psi 


@  x  = 


i 


2 


_  ±  (461  +  193) 

byu  0.1430 


±  4570  psi 


f 


buM 


+  (987.5  +  413) 

0.1430 


±  9800  psi 


Therefore,  the  combined  stresses  are  compressive  over  the  entire  ring. 


-5280  ±  5100 


10380  psi 
180  psi 
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-  22240  psi 


-  5280  ±  4570  = 


f  „  =  -11300  ±  9800  =  ! 

uM  l 


-  360  psi 

710  psi 
9850  psi 


1500  psi 


|  -  21100  psi 


Conservatively,  asstime  equal  compressive  ar>d  tensile  yield  strengths  of 
the  weld  values  apply  at  the  maximum  "C"  distances.  The  mininum  margin  is 
then: 


_ ty . .  nooo  ,  _  -  nfi 

f  1  10380  "  1  — 6- 

yo 


e.  Weight  Summary.  The  final  weight  status  representative  of  the  Flight 
and  Backup  airlock  units  is  listed  in  Table  III. 

f.  Thermodynamic  Analyses.  The  finally  selected  thermodynamic  properties 
of  the  D021  Airlock  were  as  shown  on  Figure  27. 
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s 

£  =»  .6 
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Figure  27.  Optical  Deployed  and  Packaged  Properties 
D021  Airlock  Exnoriment 
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Table  III.  D021  Airlock  Weight  Summary 
(Final  Configuration) 


Detail 

Weight 


Airlock . 

Expandable  Material  .  55.35 

Terminal  Ring  (2) .  15.90 

Closing  Rings  (2)  Outer  Surface  ....  3.10 

Hatch  Assembly .  19.10 

Pressure  Bulkhead . 9.15 

Seals  (2) .  2.50 

Locomotion  Aids  .....  .  9.50 

Packaging . . . 

Packing  Restraint  and  Release  .  6.60 

Mounting  Structure .  8.75 

Thermal  Blanket . 3.00 

Pressurization  . 

150  In.  3  Storage  Bottles  (3) .  15.30 

Inflation  Gas  N2 .  3.31 

Bottle  Supports  .  3.50 

Pyrotechnic  G  s  Release  Valves  (3) .  .  .  0.69 

Drain  Fittings  (6) ,  .  . .  1.14 

Charging  Valves  (5) .  0.36 

Pressure  Relief  Valve  .  0.40 

Vent  Valve  Manual  (1) .  1.50 

Vent  Valve  Electrical  .  5.50 

Vent  Valve  -  Emergency  Egress  .  1.50 

Manifold,  Tubing  &  Fittings  .  8.46 

Instrumentation  and  Controls  . 

Telemetry  Sensors  (6  Temp,  2  Press)  .  .  0.65 

Hard  Line  Sensors  (3) .  0.75 

Batteries  (2) .  6.37 

Control  Panel  .  Deleted 

Printed  Circuit  Boards  (14)  .  3.34 

Circuit  Board  Holders  .  2.93 

Power  Supply  Wiring  (12V)  .  1.64 

Pyrotechnic  Pin  Pullers  (No  cartridges)  2.81 

Wiring  and  Receptacles .  7.89 

D021  Airlock  Assembly  -  Lbs.  Total  . 

Materials  Samples  (2)  .  0.60 

*One  Half  of  Material  Return  Container  .  2.30 


Materials  Experiment  Total  2.90 


Assembly 

Total 


114.60 


18.35 


41.66 


26.38 


200.99 


Other  Half  of  Return  Container  is  Chargeable  to  D024  Experiment 
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( 1)  Effect  of  Apollo  Telescope  Mount  on  D021  Airlock  Location .  The 
incorporation  of  the  Apollo  Telescope  Mount  (ATM)  on  the  same  vehicle  as  the 
D021  airlock  introduced  a  potential  solar  shadowing  interference  which  had 
not  existed  previously.  This  location  is  defined  in  Reference  3. 

A  preliminary  thermal  analysis  (See  Appendix  III)  of  the  D021  airlock  was 
performed  based  on  a  location  between  ATM  solar  arrays;  however,  MDAC  design 
studies  indicated  this  location  to  be  impractical  for  structural  reasons.  MDAC 
investigated  a  number  of  alternative  locations  and  finally  selected  the  position 
defined  in  Reference  3  and  illustrated  in  Figure  7.  This  location  provides 
solar  exposure  to  approximately  85  percent  of  the  projected  area  of  the  packaged 
airlock.  The  only  shadows  are  from  the  structural  members  of  the  inner  bay  of 
the  solar  array.  The  basic  thermal  cube  model  used  in  the  preliminary  analysis 
is  rotated  from  the  sun  line  by  26°  in  the  ecliptic  plane  and  tilted  upwards 
by  15°  to  simulate  the  new  location  (See  Figure  28)  .  Comparing  each  individual 
surface  against  the  previous  orientation  of  the  cube  gives  the  following  effects. 


FIKAl.  LOCATION  PLR  I.C.P.  I3M120U 


THERHAC  HOPEI. 


Figure  28.  Original  Orientation  /  Final  Location  -  Thermal  Model 


Side  1.  Little  or  no  effect  will  be  noted  as  this  side  will  continually 
view  the  main  structure.  The  view  factor  of  the  structure  will  be  decreased 
slightly  but  not  significantly  to  affect  the  average  temperature  of  this  sur¬ 
face. 

Side  2.  The  15°  tilting  will  now  cause  side  2  to  vie',;  the  sun  a  majority 
of  the  time  in  orbit.  This  added  solar  energy  will  increase  the  temperature 
to  a  more  desirable  level. 


Side  3.  This  side  of  the  cube  wall  will  be  affected  the  greatest  as  it 
will  now  view  outer  space  for  a  majority  of  the  time.  This  surface  must 
receive  its  heat  by  conduction  from  the  outer  surfaces  and  this  will  be 
explained  later  in  the  report. 

Side  3  will  obviously  experience  the  coldest  temperatures  of  any  of  the 
sides.  Since  this  is  considered  the  critical  condition  for  satisfactory  deploy¬ 
ment,  this  side  will  be  studied  in  detail. 

Side  4.  No  problem  exists  on  this  side  as  it  views  the  sun  during  the 
daylight  portion  of  the  orbit. 

Side  5 .  Little  or  no  effect  will  be  noted,  a  slight  increase  in  tempera¬ 
ture  will  be  noted  if  any,  due  to  th '  increased  viewing  of  the  structure. 

Side  6.  The  26°  shift  will  now  allow  side  6  to  view  the  sun  and  will 
increase  its  temperature. 

The  thermal  model  used  in  Appendix  iv  treats  each  surface  as  an  independent 
item.  In  the  launch  configuration,  however,  these  surfaces  are  compacted  to¬ 
gether  as  one  "solid-like"  object. 

A  cube  was  selected  as  the  thermal  model  in  order  to  simplify  the  com¬ 
puter  program.  It  was  reasoned  this  would  give  a  reasonably  conservative 
answer  which  would  bracket  the  extreme  temperature  excursion  of  the  hot  and 
cold  surfaces.  The  influence  of  the  temperature  differences  between  adjacent 
hot  and  cold  surfaces  is  determined  by  using  the  finite  difference  approach 
known  as  the  "Relaxation  Method."  The  temperature  distribution  is  determined 
by  dividing  the  cross  section  into  equal  grids  and  expressing  the  temperature 
at  each  point  in  terms  of  its  surrounding  temperatures. 

(2)  Two  Dimensional  Thermal  Analysis.  The  following  two-dimensional 
model  was  used  in  the  thermal  analysis. 


Lightweight 

Foam 


Analysis  was  based  on  3/8-inch  thick  superinsulat ion  consisting  of  seventeen 
fiberglass  cloth  separators  and  eighteen  shields. 
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Side  3  was  selected  as  the  critical  surface  because  it  receives  the  least 
solar  heat  flux.  Sides  1,  3,  and  4  are  subjected  to  cyclic  heating  due  to  the 
orbital  characteristics  of  the  flight  vehicle.  The  above  surfaces  were  treated 
as  semi-infinite  slabs  and  the  depth  at' which  the  temperature  wave  is  damped  to 
within  a  small  percentage  of  the  outer  temperature  was  determined  by 

ln  - 1 -  =  -  yjvi/2a  X 

o. 

l 

where 

T  =  average  outer  temperature 

*”0^  =  average  inner  temperature  @  X 

w  =  frequency 

ot  =  thermal  diffusity 

X  =  distance 

Based  on  the  properties  of  the  foam,  the  temperature  is  dampened  within 
2-1/2  inches  or  the  surface.  Using  these  fixed  internal  temperatures  for 
Sides  1  and  4  and  assuming  a  linear  gradient,  down  the  centerline,  the  tempera¬ 
ture  gradients  throughout  the  foam  were  then  determined  by  the  "relaxation 
method"  as  shown  below. 

T  =  120°F 


The  minimum  constant  temperature  occurred  at  point  "A"  which  was  -8°F. 
To  complete  the  analysis,  the  minimum  foam  temperature  between  point  "A"  and 
the  outer  surface  must  be  determined.  The  distance  "X"  was  2-1/2  inches  and 
the  resistance  value  of  2-1/2  inches  of  foam  is  eouivalent  to  3/8-inch  of 
superinsulation  plus  1  inch  foam.  A  multi-slab  one  dimensional  computer 
run  of  this  composite  was  then  made  based  on  the  following  sketch. 


46 


Cyclic  Heating 


ONE  DIMENSIONAL  MULTI-SLAB  THERMAL  MODEL 

The  multi-slab  solution  showed  that  the  outer  surface  of  the  foam  at  the 
superinsulation  wall  will  vary  cyclicly  between  -13. OF  and  -24.6  F.  The 
analysis  shows  that  energy  from  the  hotter  surfaces  will  be  transferred  to 
the  colder  surface  and  restrict  the  minimum  temperatures  to  approximately 
-25°F.  Figure  29  shows  the  temperatures  as  a  function  of  time  for  the  above 
configurat ion. 


TIME-3  IXrERATURE  OF  SIDE-3  (COLDEST  SIDE) 


g.  Micrometeoroid  Protection  Calculations.  The  design  requirement  specified 
for  the  D021  Airlock  was  to  provide  a  micrometeoroid  barrier  oi  sufficient 
thickness  to  ensure  a  30-day  exposure  probability  of  zero  penetrations  of  0.9999. 

Using  the  prior  background  of  experience  as  reported  in  Reference  4,  the 
following  computations  were  made.  Later,  the  hypervelocity  simulated  meteoroid 
tests  (as  reported  in  Section  HI)  substantiated  the  accuracy  of  these  calcu¬ 
lations  . 

Assumptions : 


Mission  Duration  30  days 

Orbital  Altitude  150  to  20  N.M. 

Micrometeoroid  Flux  Per  Figure  30 


LOO,0M,  PARTKli:  ,VASS  (GSA/.fc) 

Figure  30.  Near-Earth  Micrometeoroid  Environment 

To  determine  the  hazard  presented  by  micrometeoroids,  the  selection  of 
the  flux  model  is  highly  significant.  The  above  model  was  chosen  based  on 
wide  acceptance  by  most  of  the  industry.  With  this  model,  the  total  average 
number  of  impacts,  T,  of  particles  of  mass,  m,  or  larger  is  given  as 

T  =  SN  T  (FA  +  A  ) , 
o  s 
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where 


S 

N 


r 


intravehicle  shielding  X  earth  shielding, 

.  -.-10.423  -1.34 

10  m  , 

number  of  particles  of  mass  (M  =  10  ^  grams) 
per  sq  ft  per  day, 

mission  deviation. 


F  =  ratio  of  shower  to  sporadic  micrometeoroids, 
and 


A  =  orojected  area  (sq  ft) . 

P 

Substituting  the  given  value  for  N  results  in 


T 


S  r  (FA  + 


V 


10 


-10.423 


If1-34 


This  expression  is  now  substituted  into  the  Poisson  distribution  to  obtain 
the  probability  of  no  impacts,  P^  ,  of  particles  of  mass  or  larger. 


P,  .  =  e’T  =  1  -  T 

(o) 


=  1  -  S  T  (FA  +  A  )  10“ 10*423  M  "1*34 

p  s  m 


The  airlock  has  the  following  approximate  values  for  the  parameters  in 
this  equation: 

A  =  75  sq  ft 

s  n 

A  =  20  sq  ft 
P 

F  =  1.0 

7*  =  30  days 

S  --  0.70  (earth  shielding)  X  0.5  (intravehicle  shielding) 

0  35 

The  proposed  material  is  felt  to  have  a  ballistic  limit  of  about  2  mg. 
This  is  based  on  an  extrapolation  of  the  fact  that  ballistic  limit  oi  2  inches 
of  a  similar  structure  has  a  ballistic  limit  of  about  17  mg,  and  1.5  inch  has 
?  ballistic  limit  of  about  5  to  0  mg  (Reference  4).  Hence,  the  appropriate 
value  of  M  -  0.002  «m. 

rr  > 


Substituting  these  values  into  the  above  equation  results  in  a  P 
about  0.9999. 


(o) 
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h.  Vent  and  Relief  Valve  Sizes.  The  following  flow  analyses  were  performed 
early  in  the  program  to  evaluate  the  adequacy  of  the  vents  and  relief  valves 
under  normal  operating  conditions  and  to  see  that  the  design  ultimate  burst 
pressures  were  not  exceeded  even  under  extremely  unlikely  cases  such  as  acci¬ 
dental  discharge  of  all  five  pressure  bottles  simultaneously. 

The  following  difference  now  exists  between  the  analysis  given  and  the 
final  configuration,  but  the  analyses  are  still  valid  with  proper  interpreta¬ 
tion. 


The  differences  are: 

(1)  The  astronaut  is  not  EVA  in  the  pressurization  events. 

(2)  C>2  has  been  changed  to  N2  for  the  pressurization  gas. 

(3)  The  3.5  psi  relief  valve  has  been  deleted. 

3  3 

i.  Flow  Analysis,  tv  airlock,  with  a  volume  of  78  ft  expanded  and  100  in 
packaged,  is  connected  to  a  single  supply  line  (orifice  diameter  -  1/16  in.) 
which  is  fed  by  five  pressure  bottles  of  oxygen.  Each  bottle  has  a  volume  of 
150  in. ^  with  pressures  of  2250,  2250,  3150,  3150,  and  3150  psia  respectively. 
The  airlock  is  provided  with  two  vents:  one  (orifice  diameter  =  0.84  in.)  is 
electrically  operated,  and  the  second  (orifice  diameter  ~  0.75  in.)  is  manually 
operated.  Also  provided  are  two  relief  valves  (James,  Pond,  &  Clark,  Inc. 
valve  D524A-16D-5.5  and  D524A-16D-3.5)  with  cracking  pressures  of  5.5  psia  and 
3.5  psia  respectively.  The  following  cases  were  analyzed  (pressure-time 
relations).  The  ambient  pressure  is  0.0  psia,  and  the  airlock  is  expanded 
unless  otherwise  specified. 

Case  1  -  Blow  down  (both  vents  open  and  both  valves  closed)  with  an 

initial  pressure  of  3.5  psia  and  an  astronaut  suit  discharging 
7.9  Ib/hr. 

Case  2  -  Blow  down  (only  electrical  vent  open)  with  initial  pressure 
of  5.0  psia. 

Case  3  -  With  only  the  5.5  psia  relief  valve  operating,  unless  other¬ 
wise  specified,  find  the  peak  pressure  in  the  following  cases. 

(a)  All  five  pressure  bottles  discharge  with  the  airlock 
initially  at  0.0  psi3. 

(b)  The  three  3150  psia  bottles  discharge  with  the  airlock 
initially  at  5.0  psia. 

(c)  All  five  bottles  discharge  with  the  airlock  initially 
at  0.0  psia  and  the  electrical  vent  open. 

Case  4  -  Case  3  c)  with  the  airlock  packaged. 

Case  5  -  Find  the  equilibrium  pressure  with  the  3.5  psia  relief 

valve  operating  and  an  astronaut  suit  discharging  7.9  Ib/hr. 
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Using  the  equilibrium  pressure  found  in  Case  5  as  an  initial 
condition,  one  3150  psia  bottle  discharges  and  the  astronaut 
suit  continues  to  discharge.  Find  the  peak  pressure. 

Cases  6  through  10  -  Repeat  Cases  1  to  5  with  the  airlock  in  a 

KC-135  airplane  in  flight  at  a  pressure  altitude  of  8000  ft 
(10.92  psia). 

Flow  Through  an  Orifice 


SYMBOL 

A 


g 


K 


m 


DESCRIPTION  UNITS 

2 

Area  In 

Discharge  coefficient 

2 

Standard  gravitational  acceleration  Ft/Sec 
Specific  heat  ratio 

Mass  Lb 


p  Pressure 

Pd  Discharge  pressure 

R  Gas  constant  per  unit  mass 

T  Temperature 

t  Time 

W  Mass  flow  rate 


m 

Psia 

Psia 

Ft-Lfc,/Lb  -°R 

I  Dl 

°R 

Sec 

Lb  /Sec 
m 


Assuming  isentrcpic  flow  of  a  perfect  gas,  the  following  equation  can  be 
derived  from  the  continuity  equation. 


W  =  C,A 

d 


K  ±  1  i 
K 


(1) 


For  subsonic  flow  (  A  p  <C<C  P 


0.6  ;  02) 


W 


0.6925  p  A 

|/T~ 


/ 


As 

p 


0  < -  AE—  <  0.528 

P 


For  sonic  flow 


0.5029  p  A 

i nr 


0.528  <  <  1 

P 


(2) 


(3) 
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Eor  the  following  cases,  all  flows  were  considered  isothermal  with  a 
temperature  of  529°F. 

Analysis 

Case  1  -  Consider  the  change  in  mass  of  oxygen  in  the  airlock 

-iHL.  =  W.  -  W 

dt  in  out 


(4) 


win  refers  to  the  discharge  of  the  astronaut  suit,  and  Wout  refers  to 
flow  through  the  vents.  Assuming  isothermal,  sonic  flow  of  a  perfect  gas 
through  the  vents,  a  differential  equation  of  the  following  form  expresses 
the  relation  between  pressure  and  time  in  the  airlock. 


_d£_ 


dt 


-  a  -  b  p 


where  a,  b  -  constants 


Integrating  and  evaluating  the  constants: 


(5) 


-0  0A9S  t- 

p  -  3.399  e  +  0.101  where  p  -  psia 

t  -  sec 


This  equation  is  graphed  in  Figure  31. 
s.o  I 


Figure  31 


t.O 


}.0 


j.o 


Case  l 

Ambient  Pressure  *  0.0  Psis 

Initial  Pressure  -  3.5  Psis 

Both  Vents  Open 

Both  Relief  Valves  Closed 

Astronaut  Suit  Discharge  «  7.9  lb/hr 

l 

Airlock 

Deployed 

\J 
■  \ 

\ 

\ 

\ 

V 

.  . 

! 

- ~ 

(6) 


Case  2  -  Using  the  same  procedures  as  outlined  in  Case  1,  the 
differential  equation  was  derived: 


_dp  = 
dt  '  d  p 


where  a 


constant 


(7) 
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Integrating  and  evaluating  the  constants: 

,  -0.0275  t 

p  =  5.  e 


where  p  =  psia 
t  =  sec 


(8) 


This  equation  is  graphed  in  Figure  32. 


Figure  32 


Case  3a  -  Consider  the  change  in  mass  of  oxygen  in  the  pressure 
bottles. 


dm 

dt 


=  W.  -  W 
m  out 


(9) 


Following  the  same  procedure  used  in  Case  2,  an  equation 
which  expresses  the  pressure-time  relation  for  the  pressure 
bottles  was  derived  and  integrated. 


p  =  2790  e 


-0.0274  t 


where  p  =  psia 
t  =  sec 


(10) 
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As  pressure  decreases  in  the  pressure  bottles,  the  pressure 
increases  in  the  airlock.  Without  venting,  the  pressure  in 
the  airlock  is  equal  to  the  ratio  of  the  volume  of  the  pressure 
bottles  to  the  volume  of  the  airlock  times  the  decrease  in 
pressure  in  the  pressure  bottles.  When  the  prtssure  reaches 
5.5  psia,  the  relief  valve  allows  a  mass  flow  rate  out  of  the 
airlock  depending  on  the  airlock  pressure.  Using  a  graph 
found  in  Reference  1  and  assuming  sonic  flow,  a  graph  of 
pressure  drop  vs  mass  flow  rate  was  constructed  for  the 
5.5  psia  relief  valve. 

Vendor  data  was  adjusted  for  non-standard  ambient  pressures 
by  presuming  flow  area  is  a  function  of  pressure  differential 
and  utilizing  the  above  orifice  equations. 

If  the  change  in  mass  of  oxygen  in  the  airlock  is  now  con¬ 
sidered,  the  following  differential  equation  exists: 


dm 

dt 


W 

in 


W 

out 


(ID 


where: 

p  is  the  pressure  in  the  pressure  bottles 
B 

p^  is  the  pressure  in  the  airlock 

Due  to  the  nonlinearity  of  the  relief  valve,  the  IBM  360 
computer  was  used  to  numerically  integrate  equation  (11). 

The  result  is  graphed  in  Figure  33- 

Case  3b  -  Essentially,  the  same  procedure  as  explained  in  Case  3a  was 
followed  here.  The  time-pressure  equation  for  the  pressure 
bottles  was  found  to  be: 


_  .  -0.0457  t  ,  . 

p  -  3150  e  where  p  =  psia  (12) 

t  ■  sec 


Equation  (11)  was  again  integrated  numerically,  and  the 
result  is  shown  in  Figure  34- 

Case  3c  -  Again  the  procedure  used  in  Case  3a  was  followed.  However, 
the  loss  of  pressure  due  to  the  electrical  vent  must  also  be 
included.  Assuming  isothermal  sonic  flow  through  the  vent: 


W  0.0121  p 


(13) 
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Tin*  -  See 


Figure  36 


The  results  of  procedures  similar  to  those  used  above  is 
shown  in  Figure  37. 


7.C 

Cat*  5 

Acbirnt  Pressure  •  0.0  Pals 

Initial  Pressure  •  4.02  Pels 

Both  Vents  Closed 

3.5  Tala  Valve  Operating 

1  31S0  P«la  Bortle  Discharges 

6.0 

« 

• 

to. 

e 

3 

* 

to 

tot 

Hi 

\ 

■ 

w 

\ 

1 

0  JO  40  60  SO  00 

Tint  -  See 


Figure  37 
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Case  6  -  As 
be 


in  Case  1,  the  change  in  mass  of  oxygen  in  the  airlock  can 
expressed  as  follows: 


dm 

dt 


W.  -  W 
m  out 


(16) 


However,  the  mass  flow  out  is  characterized  by  a  subsonic 
flow  equation: 

Wout  =  °'6925  A  \J (17) 
This  leads  to  a  differential  equation  of  the  form: 


C  p  where  a,  b,  c  ■-  constants  (18) 


Integrating  this  equation  and  evaluating  the  constants  yields: 


t  14.68  In 


2320 


1573  p  +  618,000  +y  p^  -  1573  p 


09) 


+  0.197  In 


53.6 Vp2  -  1573  p  +  618,000  +  42,200  +  0.719l/p2  -  1573p^ 
-J/p  -  1573  p  -  10.53 


100.7 


where:  p  r  lb/ft“ 

t  =  sec 

A  graph  of  this  equation  is  shown  in  Figure  38. 

Case  7  -  This  case  was  solved  in  the  same  manner  as  Case  2  except 
that  the  flow  through  the  electrical  vent  was  considered 
subsonic. 


W  =  0.6925  A  \J-P~  ~  j°’92  P 


_gP_  = 

d 


/  9 


-  a  y  p“  -  b  p  where  a,  b  =  constants 


(20) 

(21) 
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Aabicnt  Pressure  -  10.92  P«U 
Initial  Pressure  •  14.42  Psla 
Both  Vents  Open 
Both  Belief  Valves  Closed 
Astronaut  Suit  Diacbarse  •  7.9  1* 
Airlock  Deployed 


Figure  38 


Integrating  and  evaluating  the  constants: 


t  =  26.4  In 


p  -  1573  p  +  p  -  786.5 


where: 


p  =  lb/ft' 


A  graph  of  this  equation  is  shown  in  Figure  39. 

Cases  8a,  8b,  8c,  and  9  -  These  cases  follow  the  same  pro¬ 
cedures  as  Cases  3a,  3b,  3c,  and  4  respectively  except  that 
the  flow  out  of  the  airlock  through  either  the  relief  valve 
or  the  electrical  vent  is  subsonic: 


W  =  0.6925  A 


-  10.92 
T 


With  this  correction,  a  computer  study  similar  to  Cases  3a, 
3b,  3c,  and  4  was  run.  The  results  are  shown  in  Figures  40 
41 ,  42,  and  43  • 


Ambient  ?resaur*  *  10.92  Psia 
Initial  Pressure  •  15.92  Psia 
Electric  Vent  Open 
lo*h  Valve*  Closed 
Airlock  Deployed 


Figure  39 


AeMent  Pressure  -  10.92  frit 
Initial  Pressure  ••10.92  rata 
Beth  Vents  Closed 
5.5  Psia  relief  Valve  Operating 
5  Treasure  Settles  Discharge 
Airlock-  Deployed 


Figure  40 


Aablent  Pressure  •  10*92  F*i« 
Initial  Prtiiui*  ■  IS. 92  fill 
Both  Vents  Closed 
9.S  Pill  Belief  Valve  Optra tin* 
3  3150  Fa la  Bottles  Discharge 
Airlock  Deployed 


Figure  41 


Anbient  Pressure  •  10.92  Fsla 
Initial  Pres iure  -  10.92  Fsta 
Electric  Vent  Open 
5.5  Psla  Belief  Valve  Operating 
5  Pressure  Bottles  Discharge 
Airlock  Deployed 


Figure  42 


Aablent  PreMur#  -  10.9?  P*la 
Initial  ?r**«urc  -  10.92  Psia 
Electric  Vent  Open 
5.5  F*ia  Valve  Operating 
5  Pressure  Bottles  Discharge 
Airlock  Packaged 


Figure  43 


Case  10  -  As  in  Case  5,  a  graph  of  mass  flow  rate  vs  pressure  drop 

was  constructed  for  the  3.5  psia  relief  valve.  However,  the 
flow  through  the  valve  was  considered  subsonic.  A  mass  flow 
rate  of  7.9  Ib/hr  was  found  to  exist  at  an  airlock  pressure 
of  14.85  psia  or  3.93  psig. 


Using  the  same  procedures  as  used  in  Case  5  (with  subsonic 
flow  through  the  valve) ,  a  pressure-time  equation  was 
numerically  integrated  on  the  computer.  The  result 
shown  in  Figure  44. 


AabUat  Frcsaurt  •  10.92  P*l» 
Initial  ?r««sur*  •  14.8$  Fall 
Both  Vents  Closed 
3.$  Fala  Velve  Operating 
1  3150  Fala  Bottle  Discharges 
Airlock  Deployed 


Figure  44 


j.  Electrical  Power  Requirements  Analysis.  The  NASA/AM  power  to  be 
supplied  at  the  D021  electrical  interface  requires  28  volts  DC  at  a  total 
connected  load  of  6.3  amperes  for  the  experiment  plus  a  cyclic  requirement 
of  0.83  amperes  for  the  battery  heaters  on  a  thermostatically  controlled 
basis.  A  dual  self-contained  battery  pack  is  also  provided  as  part  of  the 
D021  Airlock  to  provide  power  for  the  pyrotechnics llv  operated  gas  discharge 
valves  in  the  pressurization  system. 

The  power  profile  for  the  various  experiment  operating  modes  is  given  in 
Table  IV.  The  detail  electrical  load  analysis  by  component  is  given  in 
Table  V. 


TABLE  V.  D021  AIRLOCK  ELECTS 


Start 

Vent 

Harness 

Press.  Sys. 

Deploy  & 

15-Da 

Connected  Load 

Experiment 

(Close') 

Release 

Armed ' 

Proof 'Press . 

Di 

28  VDC  Norn. 

(Amps) 

(Amps) 

(Amps) 

(Amps) 

(Amps) 

(A 

Part  Name 

(Amps) 

(0.2  min) 

(1  sec.) 

(3  sec.) 

(0.2  min.) 

(5.0C  Min.) 

(15- 

Instrument 

Box  Assy 
Converter  ±12V 

0.260 

0.260 

0.260 

0.260 

0.260 

0.260 

0.2 

Converter  +  5V 

0.075 

0.075 

0.075 

0.075 

0.075 

0.075 

O.C 

T/M  Cal.  Relay 

0.044 

Sub  Total 

0.379 

0.335 

0.335 

0.335 

0.335 

0.335 

0.; 

Press.  Sys. 

NASA  Pnl 

Ind.  Lts. 

Start 

0.040 

o.o4o 

0.040 

0.040 

0.040 

0.040 

0.< 

Arm 

o.o4o 

- 

- 

_ 

0.040 

0.040 

- 

Hi  Press(2) 

0.680 

- 

- 

- 

- 

•  0.080 

o.< 

Lo  Press(2) 

0.080 

0.080 

0.080 

0.080 

0.080 

- 

- 

Preshape  Press 

0.040 

0.040 

0.040 

0.040 

0.040 

- 

- 

Warning  Press 

o.o4o 

0.040 

0.040 

0.040 

0.040 

0.040 

O.C 

Deploy 

0.0U0 

- 

• 

0.040 

0.040 

0.040 

O.C 

Vent  (2) 

0.080 

0.040 

0.040 

0.040 

0.040 

0.040 

O.C 

Light  On 

o.o4o 

- 

- 

- 

- 

- 

Sub  Total 

0.480 

0.240 

0.240 

0.280 

0.320 

0.280 

0.2 

Lighting 

2.04 

Relay  Box 

Relays 

Arm 

0.230 

0.230 

0.230 

«_ 

Preshape  Press 

0.088 

- 

- 

- 

- 

0.088 

- 

Leak  Test  Pres 

3  0.088 

- 

- 

- 

- 

- 

7 

Sub  Total 

0.406 

- 

- 

- 

0.230 

0.318 

- 

Harness 

Release  Motor 

1.0(1  min(3.5(surge) 

1.000 

Vent  Valve 

1.0(1  sec ) 5. 0( surge) 

1.0(1  sec) 

• 

- 

- 

- 

Relay 

0.115(1  sec) 

0.11 5 (Momentary)  - 

Sub  Total 

1.115(1  sec) 

1.115(1  sec) 

TOIAL 

0.575 

0.575 

0.615 

0.865 

0.933 

0.: 

- 

- 

1.690(1  sec) 

1.615(1  sec)  - 

- 

- 

Total  (Peak) 

With  Battery 
Heaters 

0.828 

1.403 

2.518 

2.443 

1-693 

1.761 

_ 

u 

»3S'3S 


3SfS 


TABLE  V.  D021  AIRLOCK  ELECTRICAL  LOAD  ANALYSIS 


Harness 
Release 
( Amps ) 
(3  sec.) 


1.0(1  sec) 

0.115(1  sec) 
1.115(1  sec 


Press.  Sys. 
Armed 
(Amps) 
(0.2  min. ) 


Deploy  tc 
Proof  Press. 
(Aaips) 

(5-0' Min. ) 

15 -Day  Test 
Disarm 
(Amps) 

(15 -days) 

0.260 

0.260 

0.075 

0.075 

1  1  "  "  ’■ 

0.335 

0-335 

Ingress/ 

Egress 


2.655 

3.770(1  sec) 
U.  598 


Pressure 

System 

Re-Armef 


pJpH'l 


1.0(1  sec) 
0.115  (1  sec) 


1.115(1  sec) 


2.655 

3.770(1  sec) 
*»-596 


K> 


SECTION  III 


TEST  PROGRAM 


A.  MATERIALS  EVALUATION  AND  DEVELOPMENT  TESTS 

Material  off-gassing  tests  were  performed  to  establish  weight  loss  and 
level  of  toxic  by-products  as  reported  in  Appendix  V.  These  tests  were  made 
at  room  temperature  and  the  results  were  considered  acceptable  for  the  early 
orbital  workshop  configuration.  More  stringent  requirements  were  added  by 
Reference  2  when  the  ATM  experiment  was  added  to  the  same  mission. 

The  off-gassing  tests  were  then  repeated  at  212°F  and  10~6  TORR  vacuum 
for  the  outer  composite  of  the  expandable  structure.  (The  outer  cover,  micro¬ 
meteoroid  layer  and  the  filament  wound  structure.)  The  bladder  composite  was 
not  retested  because  it  is  not  exposed  to  the  space  environment  and  therefore 
will  not  be  subject  to  off-gassings. 

The  outer  cover  and  thermal  control  coating  were  retested  to  275°F  and 
10"^  TORR  vacuum.  The  results  given  in  Figures  45  and  46  are  well  within  the 
maximum  allowable  limit  of  0.04  %/sq  cm/hr.  These  materials  were  also  quali¬ 
fied  as  "self-extinguishing  in  air"  to  meet  Category  "H"  requirements  for 
"Materials  in  Uninhabited  Portions  of  the  Spacecraft"  (Reference  5).  The 
results  of  these  tests  are  reported  in  Appendix  VI. 

One  effect  of  achieving  this  fire-resistant  capability  resulted  in  the 
selection  of  2.0  pcf  foam  for  the  micrometeoroid  barrier  instead  of  the 
1.0  pcf  foam  as  originally  planned.  (The  1.0  pcf  foam  was  not  available  in 
fire-resistant  quality.) 

One  less  desirable  feature  of  this  change  became  apparent  during  subse¬ 
quent  deployment  tests  at  low  temperature.  It  was  discovered  that  the  stiff¬ 
ness  of  the  2.0  pcf  foam  was  an  order  of  magnitude  higher  at  -65  F  than  that 
of  1.0  pcf  foam,  whereas  they  are  reasonably  close  at  room  temperature.  This 
difference  made  the  thermal  superinsulating  blanket  a  necessary  addition  to 
the  airlock  in  the  packaged  state.  The  low  temperature  flexibility  character¬ 
istics  of  both  foams  are  shown  in  Figures  47  and  48- 

B.  SIMULATED  MICROMETEOROID  IMPACT  TESTS 

A  comprehensive  series  of  hypervelocity  particle  impact  tests  were  per¬ 
formed  at  Arnold  Engineering  Development  Center,  Arnold  Air  Force  Station, 
Tennessee.  Samples  of  composite  material  duplicating  the  D021  expandable 
structure  were  provided  for  the  testing.  Results  of  the  tests  were  reported 
in  Reference  6. 

The  ballistic  mass  limit  of  the  projectile  was  found  to  be  close  to  four 
(4)  milligrams  as  illustrated  on  Figure  49.  This  verifies  that  the  analytical 
value  of  two  (2)  milligrams  mass  used  in  the  calculations  of  Section  II  C  2 
was  a  conservative  assumption. 
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Figure  49.  Ballistic  Limit 
Test  Results 


Results  of  tests  with  5  psia  Oj  on  the  bladder  side  instead  of  vacuum 
were  also  gratifying.  The  ballistic  liir  tt  was  found  to  be  the  same  in  either 
case,  (after  improving  the  specimen  clamping  method)  and  furthermore,  the 
material  did  not  burn  except  in  the  region  of  the  particle  path  even  when 
complete  penetration  of  the  wall  occurred  with  the  higher  mass  projectiles. 


C.  ENVIRONMENTAL  QUALIFICATION  TESTS 


Prior  to  starting  the  Environmental  Qualification  Tests  the  test  unit  was 
subjected  to  the  following  acceptance  testing  in  order  to  assure  that  the 
article  was  ready  for  the  formal  test  program.  (The  results  of  these  Accept¬ 
ance  Tests  were  reported  in  Reference  7) 

(1)  Leak  Test,  Preliminary.  The  unit  is  pressurized  to  3.5  psi 
and  pressure  monitored  for  two  (2)  hours  to  verify  that  no 
gross  leakage  is  present. 

(2)  The  unit  is  then  packaged,  weighed,  and  the  center  of 
gravity  established. 

(3)  The  test  article  is  then  mounted  on  the  MB  Model  C-210 
Vibration  Exciter  and  subject  to  a  low  level,  one  minute 
duration,  Random  Vibration  Test  in  each  of  the  three  (3) 
axes.  The  vibration  spectrum  is  shown  on  Figt.re  50. 

After  the  test,  a  complete  check  of  the  electrical  circuitry 
is  conducted  to  verify  that  no  damage  has  occurred.  A 
thorough  visual  inspection  is  also  performed. 
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(4)  The  unit  is  then  deployed  and  pressurized  to  5.0  psi  proof 
pressure  for  30  minutes.  Pressure  is  then  relieved  to 
3.5  psi  and  monitored  for  a  24-hour  period  to  establish 
leak  rate.  The  results  of  this  leakage  test  are  reported 
in  Appendix  VII. 

After  the  above  tests,  the  airlock  was  checked  to  see  that  all  electrical 
circuits  were  still  functioning  and  visually  inspected  for  snv  evidence  of 
deterioration.  Upon  passing  this  inspection,  it  was  packaged  and  began  the 
Environmental  Qualification  Test  Program. 

The  qualification  testing  falls  into  two  general  categories 

(1)  the  ground  environments,  and 

(2)  the  launch  and  space  mission  environments. 

Under  the  first  category  of  tests,  the  unit  was  subject  to  100  percent 
relative  humiduty ,  temperature  cycling,  salt  fog  exposure,  and  fungus  growth. 
In  addition,  several  shipments  were  made  by  air,  and  commercial  truck  between 
Akron,  Ohio,  Tullahoma,  Tennessee,  and  Huntsville,  Alabama  with  no  special 
precautions  taken  other  than  being  packed  in  tiie  special  shipping  container. 

Durtng  the  humidity  testing,  an  initial  weakness  was  discovered  in  the 
printed  circuit  boards  and  power  supplies  which  was  corrected  as  described  in 
Appendix  VIII.  Subsequently,  the  unit  was  repaired  and  was  retested  without 
repetition  of  this  difficulty. 
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The  fungus,  salt  fog  and  acoustic  tests  were  subcontracted  to  Wyle 
Laboratories,  Huntsville,  Alabama.  The  results  of  these  tests  are  presented 
in  Appendix  IX. 

Under  the  second  category  of  tests,  the  airlock  was  exposed  to  simulated 
launch  pressure  changes,  accelerations,  vibrations,  acoustic  noise,  solar 
exposure,  combined  low  temperature  and  vacuum,  functional  deployment  at  low 
temperature  and  vacuum,  and  cyclic  endurance  testing  from  0  to  5.0  psi  under 
simulated  space  environments. 

With  the  exception  of  "Acoustic  Noise"  which  was  performed  by  Wyle  Labora¬ 
tories,  Inc.,  the  remainder  of  these  tests  were  conducted  by  the  Arnold 
Engineering  and  Development  Center,  Air  Force  Systems  Command  at  Arnold  Air 
Force  Station,  Tennessee.  The  test  procedures  and  results  were  officially 
reported  in  Reference  8.  These  test  procedures  and  objectives  are  summarized 
below. 

The  illustrations  and  tables  from  this  Reference  8  report  are  reproduced 
herein  in  their  entirety  as  Appendix  X  in  order  to  illustrate  the  testing 
equipment  and  facilities  used. 

The  initial  attempt  to  deploy  the  airlock  after  a  cold  soak  to  tempera¬ 
tures  as  low  as  -85^F,  resulted  in  damage  to  the  structure.  This  was  attributed 
to  the  stiffening  of  the  expandable  structure  as  a  result  of  the  low  temperature. 
A  rigorous  thermal  analysis  was  then  initiated  to  establish  more  realistically 
what  actual  temperatures  might  be  expected.  At  about  the  same  tine,  the  change 
to  the  Skylab  Mission  impacted  the  B021  experiment  location  and  the  thermal 
analysis  had  to  be  updated  to  include  the  shadowing  effects  of  the  ATM  solar 
arrays . 

As  a  result  of  the  evaluation,  it  was  found  desirable  to  add  a  thermal 
juperinsulation  protective  blanket  to  the  exterior  of  the  D021  airlock  which 
was  previously  described  in  Section  II  B.  The  Qualification  Test  Unit  was 
then  modified  to  incorporate  this  blanket  as  well  as  further  restricting  the 
discharge  rate  in  the  deployment  pressurization  system.  Subsequent  deploy¬ 
ments  were  then  conducted  in  GAC's  vacuum  chamber  to  prove  the  effectiveness 
of  these  changes.  This  effort  is  described  in  Appendix  XI.  Verification  of 
these  results  was  then  made  at  Arnold  Engineering  Development  Center  in  their 
12-V  chamber. 

1.  Launch  Profile  Pressure  Simulation 

The  vacuum  chamber  in  which  the  packaged  airlock  was  placed  was  evacuated 
from  ambient  pressure  to  1.0  TORR  in  two  minutes  time.  The  airlock  electric 
vent  valve  left  in  the  open  position  was  demonstrated  to  have  adequate  flow 
capacity  for  launch. 

2.  Launch  Accelerations 

The  airlock  was  mounted  on  a  centrifuge  and  subjected  to  4.0  g  acreler  - 
tion  in  the  X  and  Z  axes  and  6.0  g  acceleration  in  the  Y  axis  to  simulate  the 
launch  acceleration.  The  peak  acce le rations  were  maintained  for  one  minute  in 
each  axis. 
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The  structural  adequacy  of  the  airlock  to  withstand  launch  accelerations 
was  thereby  demonstrated. 

3.  Vibration 

A  resonance  search  was  conducted  over  the  frequency  range  of  20  to  2000  He 
The  resonance  response  values  are  listed  in  Appendix  X.  The  airlock  was  then 
subjected  to  random  vibration  simulating  the  lift-off  and  boost  vibration 
levels.  The  vibration  spectrum  imposed  is  given  graphically  in  Appendix  X. 

The  vibration  spectrum  requirements  were  subsequently  changed  by  NASA  but  a 
comparative  dynamics  analysis  of  the  old  and  new  requirements  indicated  that 
the  test  as  performed  was  adequate.  This  analysis  is  presented  in  Appendix  XII 

These  tests  demonstrated  the  capability  of  the  airlock  to  withstand  the 
launch  and  boost  phase  vibration  forces  without  damage. 

4.  Acoustic  Noise 

These  tests  were  reported  in  Appendix  IX.  They  demonstrated  the  capability 
of  the  airlock  to  withstand  the  launch  noise  environment  without  damage. 

5.  Cold  Temperature  Deployment 

As  mentioned  previously,  the  packaged  airlock  was  placed  in  the  AEDC  - 
12  V  vacuum  chamber.  The  chamber  was  evacuated  to  less  than  1  x  10~4  XORR 
and  the  airlock  subjected  to  the  minimum  cold  temperature  condition  of  -20 °F 
on  the  outer  cover  (inrer  surface  of  the  insulation  blanket).  The  airlock  was 
then  successfully  deployed.  One  minor  incident  occurred  when  the  harness 
retaining  cord  fouled  on  the  hatch  latching  handle  and  tore  loose  its  retain¬ 
ing  patch.  However,  this  was  traced  to  an  improper  routing  of  the  cord  during 
packaging.  Corrective  inspection  procedures  were  instituted  to  prevent 
reoccurrence. 

This  demonstration  verified  the  capability  of  the  airlock  to  be  deployed 
under  the  coldest  environment  anticipated  during  the  orbital  portion  of  the 
mission. 

6.  Cold  Environmental  Tests 

The  deployed  airlock  was  subjected  to  -65°F  temperature  and  10' 5  TORS 
vacuum.  In  this  state  the  airlock  pressure  was  cycled  from  0  to  4.8  psia  for 
30  times. 

This  was  a  demonstration  of  the  capability  of  the  airlock  to  withstand 
numerous  proof  pressurizations  under  orbital  night  environments. 

7.  Solar  Environment  Tests 

With  the  same  vacuum  and  temperature  conditions  as  above,  a  solar  simu¬ 
lation  of  one  sun  was  added  for  repetitive  cycles  of  one  hour  ’on"  and 
0.5  hour  '‘off".  The  sun's  angle  of  impingement  and  the  shadow  effects  of  the 
solar  arrays  were  simulated  tc  duplicate  the  Skylab  installation  geometry. 

Under  these  conditions  the  airlock  was  again  proof  pressurized  from  0 
to  4.8  psia  for  30  cycles. 
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This  demonstrated  the  capability  of  the  airlock  to  withstand  numerous 
proof  pressurizations  without  failure  under  night-day  orbital  cycling  environ¬ 
ments.  (The  4.8  psia  proof  pressure  was  1.37  times  the  3.5  psia  design  working 


pressure.) 


SECTION  IV 


AEROSPACE  GROUND  EQUIPMENT  (AGE) 


An  airlock  control  simulator  and  test  panel  as  illustrated  i:i  Figure  51 
was  the  major  AGE  item  required  for  this  program.  It  was  used  to  verify  the 
functional  integrity  of  the  D021  airlock  electrical  circuits  as  well  as  pro¬ 
viding  a  control  panel  to  simulate  the  A/M  control  panel  and  thereby  verify 
the  D021  side  of  the  D021/AM  Electric  and  Instrumentation  Interface. 

The  D021/AM  mechanical  interface  was  assured  by  means  of  the  Drill 
Fixture  Assembly  illustrated  in  Figure  52.  A  matched  pair  of  these  drill 
fixtures  was  produced.  One  fixture  was  forwarded  to  MDAC  for  locating  the 
mounting  bolt  circle  on  the  A/M  and  the  other  retained  at  GAC  to  locate  the 
mating  interface  mounting  holes  on  the  airlock. 

A  reusable  shipping  container  was  also  provided  as  illustrated  in 
Figures  53a  through  53d.  The  Ethafoam  shock  mitigation  pads  are  visible  in 
the  corners  of  the  container  in  Figure  53b.  These  pads  have  been  designed 
to  limit  maximum  shock  to  25  g's  for  full  deflection  of  the  internal  mounting 
platform.  Figure  53c  shows  the  internal  mounting  platform  removed.  Clearance 
is  provided  within  the  container  so  that  the  airlock  will  not  contact  the  con¬ 
tainer  walls  under  full  deflection  of  the  platform  in  the  mounting  pads. 

Figure  53d  shows  the  dust  and  vapor- tight  packaging  envelope  removed  to 
expose  the  airlock  for  detachment  from  the  platform.  The  attachment  to  the 
platform  is  by  means  of  the  same  24  bolt  flange  surface  as  the  D021/AM 
mechanical  interface. 
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Airlock  Control  Simulator  and  Test  Panel 


Reusable  Shipping  Container 


SECTION  V 


CONCLUSIONS 


This  program  has  provided  concrete  evidence  to  support  the  conclusion 
that  an  expandable  structure  airlock  is  entirely  practical  for  operational 
use  on  manned  space  vehicles.  Although  valuable  supporting  evidence  would 
have  been  supplied  if  the  Skylab  flight  test  of  the  experiment  had  not  been 
cancelled,  there  has  been  adequate  materials  and  flight- type  hardware 
Environmental  Qualification  Testing  to  verify  feasibility  of  the  basic  expand¬ 
able  airlock  design. 

As  an  experiment,  the  configuration  required  special  instrumentation, 
individual  pressurization  systems,  extra  controls,  and  the  necessary  structure 
to  house  these  additional  components.  The  weight  of  this  added  equipment  was 
approximately  one  half  of  the  total  experiment  weight  of  201.0  pounds. 

All  these  extra  systems  were  provided  with  "fail-safe"  and  100  percent 
redundancy  to  meet  reliability  requirements.  The  problems  associated  with 
developing  and  testing  these  special  equipments  required  as  much,  if  not  more 
effort  than  that  of  the  basic  airlock  itself. 

With  respect  to  the  expandable  structure,  the  one  major  problem  encountered 
was  the  low  temperature  deployment  difficulty.  This  was  resolved  by  incorporating 
a  super insulating  thermal  protection  cover  for  the  packaged  condition.  On  any 
future  application,  it  is  believed  a  better  solution  would  be  the  use  of  newer 
materials  with  the  proper  low  temperature  characteristics  and  an  improved  pressure 
regulation  to  control  the  rate  of  deployment.  It  must  be  realized  that  the  P021 
airlock  was  produced  with  CY-1966  state-of-the-art  materials  and  that  consider¬ 
able  advancement  has  been  made  since  then.  Corollary  programs  have  developed 
non-flammable  bladder  composites  compatible  with  100  percent  oxygen  environments 
and  significant  progress  has  been  made  in  practical  rigidization  techniques. 

This  latter  property  is  highly  desirable  in  structures  somewhat  larger  than 
the  D021  airlock  to  maintain  shape  in  the  unpressurized  state. 

The  durability  of  the  airlock  to  withstand  ground  handling,  shipping, 
storage,  and  simulated  launch  and  space  environments  has  been  demonstrated. 

The  useful  life  of  the  expandable  structure  in  space  still  needs  to  be  verified 
in  the  total  space  environment  although  all  current  evidence  indicates  several 
years  life  without  drastic  degradation  may  be  expected. 
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Minutes  of  D021/D024  Experiments  Critical  Design  Review  (CDR) 

June  23  and  24,  1970 

After  the  welcome  talk  by  Mr.  E.  A.  Brittenh?m,  Major  Gary  Minar  opened  the 
CDR  with  general  remarks  regarding  the  impact  of  the  Sky  ink  Program  on  the 
B021/DQ24  exper ineats .  Be  also  reviewed  the  rules  for  governing  the  conduct 
of  the  CDR. 

Mr.  E.  0.  Walker  then  presented  the  latest  configuration  of  the  Skylab  illustra¬ 
ting  the  combined  cluster  with  an  excellent  pictorial  viewgraph. 

Mr.  Fred  Forbes  reviewed  the  long  history  of  the  D021  experiment  and  its  associa¬ 
tion  to  the  organization  of  the  :  :ylab  proram.  He  reviewed  the  major  events  and 
numerous  changes  that  have  occurred  since  the  Expandable  Airlock  Experiment  and 
the  original  "Orbital  Work  Shop"  programs  were  initiated. 

Mr.  Carl  Boebel,  AEML,  described  the  philosophy  behind  the  D024  Thermal  Coatings 
Materials  Experiment  and  the  approach  to  be  followed  to  more  accurately  establish 
the  degradation  effects  ou  these  materials  due  to  space  environment  exposure . 

L.  Maiming  reviewed  the  current  status  of  the  D021/D024  hardware  and  the  Qualifies 
tion  Test  Program. 


Viewgraph  photos  of  the  actual  hardware  were  presented  as  well  as  a  brief  movie 
of  the  hardware  development  and  deployment  tests.  (Later  in  the  day  the  DG21 
Qualification  Test  Unit  was  deployed  and  made  available  for  inspection  by  the 
attendees. ) 


Major  Minar  then  organized  the  CDR  into  working  groups  and  started  the  RID 
review.  (See  attached  copies  of  vievgraphs  for  group  disciplines)  After  the 
initial  session  of  the  separate  working  groups,  it  was  found  desirable  to 
combine  Groups  1  and  2  and  3  and  4.  This  new  arrangement  was  then  maintained 
until  the  final  session  of  all  attendees  at  the  Pi  aboard  activity.  A  total  of 
163  RIDs  were  reviewed  by  the  Rreboard.  In  addition,  a  number  of  RIDs  were 
withdrawn  by  the  issuer  prior  to  Preboard  action. 

Final  CDR  Board  action  is  planned  for  July  1970.  Actual  date  will  be  established 
by  Mr.  E.  Walker. 


Viewgraph  #1 
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Agenda  for  D021/D024  CDR 
23  June  70 


Seating 

Welcoming  remarks  by  Goodyear  Aerospace  Corporation 

Program  Management  Overview 

-  Program  Status/Experiment  Impact 

-  CDR  Instructions 

P.I.  Comments,  D021  4  D024 

-  History  &  present  status  of  hardware 

-  Detailed  agenda 

Coffee 

Group  meetings,  prepare  RID*  s 
Lunch 

Continue  group  meetings 


24  June  70 

Assemble  and  coordinate  RID* s 

Pre-board  discussions  and  intergroup  coordination 
Pre-board  activity 


July  70  (Date  to  be  announced  by  MSFC) 


Formal  Board  -  Tele con 


Viewgraph  #2 


Management  Structure  D021  &  DO 24 


Experiment  Development 

DO;il  Principal  Investigator:  AFAFL  (APO-l/Mr.  F.W.  Forbes) 

Wright-Patterson  AFB,  OH  45433 

D024  Principal  Investigator:  AFML  (MANi/Mr.  Carl  Boebel) 

Wright-Patterson  AFB,  OH  45433 

RASA  Skylab  Program  Management 

PM-SL-DP  -  Skylab  Program  Office,  MSFC 
Mr.  Ed  Walker 

Manned  Spacecraft  Center  responsibilities  focus  under  MSC 
Skylab  Office,  Mr.  KLeinknecht. 

Contractor  for  DO 21  &  DO 24 

Goodyear  Aerospace  Corporation 

Akron,  Ohio  -  ' 

Mr.  Lou  Manning 

Experiment  Carrier 

Airlock  Module  -  Developed  by  NASA  MSFC 
Contractor  KBAC 
St.  Louis,  Missouri 
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Viewgraph  #3 
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Vievgraph  #4 
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APPENDIX  II 


GAC  ACTION  ITEMS  ACCOMPLISHED  AS  ESTABLISHED 

AT 

TEST  REQUIREMENTS  REVIEWS 


D021/D024  EITRSS  MEETING 


GAC  -  AKRON,  OHIO 
July  29,  1970 


Attendee's  Name 


Organization 


Lou  Manning 
Harry  M.  Flake 
Roger  Chassay 
Pat  Feemster 
Robert  Scoville 
Roland  Danner 
C .  Chubb 
J.  J.  Hall 
Lanny  R.  Taliaferro 
Ed  Tagliaferri 
Dick  Hose 
Denny  Neman 
Jack  Altekruse 
Fred  Fairbanks 
Ralph  Morris 
A.  L.  Hoover 
Darrell  Moore 
Don  Ritchart 
Paul  Ilgen 
Alex  Madyda 


Goodyear  Aerospace  Corporation 

NASA-MSFC 

NASA-MSFC 

NASA-MSFC 

Goodyear  Aerospace  Corporation 

Martin  Marietta 

McDonnell  Douglas 

General  Electric  -  Huntsville 

NASA-MSFC 

MMC/Systems  Integration  (GSE) 
Goodyear  Aerospace  Corporation 
Goodyear  "erospace  Corporation 
Goodyear  Aerospace  Corporation 
McDonnell-Douglas  (I  /DT) 
McDonnell-Douglas  (LO/DT) 
NASA-MSFC  -  PM-SL-DP 
NASA-MSFC  -  S&E-ASTR-EAE 
MMC/Exp.  Test 
MMC/Exp .  Test 
NASA-MSFC  -  PM-SL-DP 


DO 21  PATRS  MEETING 


Attendee* 8  Name 

D.  C.  Ritchart 
A.  L.  Hoover 

E.  0.  Walker 
P.  D.  Feemster 
Lou  Manning 

R.  V.  Danner 
Roger  Chassay 
Alvin  W.  Bearskin 
Paul  Ilgen 
0.  V.  Ruhl 


NASA-MSFC  -  Huntsville,  Alabama 
August  27,  1970 

Organization 
MMC-Test  Er.gr.  &  Op. 
MSFC/PM-  SL-DP 
MSFC/PM- SL-DP 
MSFC/S6tE-Qual-Pl 
GAC  -  P.E. 

MMC-Exper.  Integra. 
MSFC/PM- SL-AL 
MSFC/S&E-ASTN-SD1 
MMC-D/Test  Engr.  &  Opr. 
McDonnell-Douglas 
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MEMORANDUM 


9  September  1970 
SP-7524 


To:  L.  Manning 

Subject:  End-to-EncL  Telemetry  Check  of  D-21  Temperature  Sensors 


To  determine  the  feasibility  of  an  end-to-end  t/m  checkout  of  the  temperature 
sensors  the  thermal  blanket  was  removed  uncovering  the  exterior  temperature 
sensors  on  the  Qualification  Unit  S/N  #1  -  A  250-watt  heat  lamp  was  placed 
approximately  8  to  10  inches  from  External  Temperature  Sensor  No.  2  (RT2), 
Internal  Temperature  Sensor  No.  1  (RT5) •  The  D-21  instrumentation  system 
was  turned  on  and  the  temperature  channel  outputs  read  out  on  a  digital 
voltmeter.  The  heat  lamp  was  turned  on  and  as  the  D-21  surface  temperature 
allowed  to  come  up  to  approximately  200°F.  The  lamp  to  surface  distance  was 
adjusted  to  maintain  approximately  200°F  at  the  external  temperature  sensor. 

The  following  table  shows  the  external  and  internal  temperature  profile. 


Start 

+5  Min. 

+10 

+15 

420 

+25 

Ext.  Temp.  #2  (RT2) 

3-246  V 
82°F 

4.344  V 

190°F 

4.497  V 

210°F 

4.487V 

207°F 

4.504  V 

213°F 

4.503  V 

213°F 

Iht.  Temp.  #1  (RT5) 

3.723  v 

82°F 

3.783  v 
84°F 

_ 

3.928  V 
89°F 

4.020  V 
93°F 

4.056  V 
94°f 

4.085  v 

95°F 

These  temperature  excursions  should  be  sufficient  to  perform  end-to-end  checks 
for  the  purpose  of  Identifying  t/m  channels.  Tills  Is  GAC’s  recommended  method. 


E.  L.  Hose 
•— >  — - 

KLH/eng  "v  ' 
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MEMORANDUM 


13  October  1970 
SP-7485 


Subject: 


L.  Manning 

D-21  Project  Engineer 
Fusistor  Testing 


The  D-21  Airlock  Simulator  and  Test  Unit  (66QS575)  has  the  capability  of  per¬ 
forming  a  resistance  test  of  all  the  D-21  pyrotechnic  circuits.  It  does  not 

« 

have  the  capability  of  testing  the  circuits  continuity  under  the  design  load, 

V 

5  ampere  minimum  for  10  milliseconds.  A  resistance  test  is  the  only  test,  • 
short  of  firing  the  device,  that  can  safely  be  conducted  on  the  pyrotechnic 
device  and  demonstrates  the  continuity  of  the  device's  initiating  bridge  vires. 
However »  it  is  desirable  to  test  the  firing  circuit  voider  load,  demonstrating 
the  ability  of  the  circuit  elements  to  deliver  the  necessary  firing  current  to 
the  pyrotechnic.  One  of  the  circuit  elements  is  a  one  ohm  fusistor  (IRC 
Spec.  A-O306)  designed  to  fuse  in  greater  than  1  and  less  than  5  seconds  at 
5  amps,  limiting  the  duration  of  any  load  test  which  can  be  performed. 

A  self-contained  solid  state  simulator  (70GS1640)  has  been  designed  and  fabricated 


to  perform  this  load  test.  This  simulator  is  designed  to  be  substituted  for  the 
pyrotechnics  and  plugs  into  the  connectors  which  normally  connect  to  the  three  (3) 
D-21  pyrotechnic  valves.  The  simulator  turns  itself  on  at  the  application  of  the 
firing  voltage  and  applies  a  5*5  amp  load  for  10  milliseconds  at  28  volts.  (The 
D-21  pyrotechnics  are  designed  *to  blow  in  10  milliseconds  maximum  at  5  amps.) 

The  simulator  then  turns  the  load  off  and  draws  a  quiescent  current  of  0.052  amp 
until  the  firing  switch  is  turned  off  opening  the  circuit.  An  indicator  on  the 
simulator  illuminates  only  if  the  current  reaches  5  amps  or  more.  There  is  an 
indicator  for  each  pyrotechnic  circuit.  The  load  current  will  vary  between  5  and 
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8  asps  depending  upon  the  charge  conditions  of  the  D-21  battery  packs  at  the 
time  the  test  is  performed.  The  load  duration  is  stable,  10  milliseconds,  for 
all  voltages. 

Prior  to  fabricating  and  using  the  Pyrotechnic  Simulator  it  was  deemed  necessary 
to  determine  the  effects,  if  any,  the  repeated  application  of  high  currents 
(5  amp)  has  on  the  fusistor  fusing  characteristics.  This  was  done  by  selecting 
ten  (10)  IRC  Spec.  A-030 6  fusistors  from  the  D-21  stock.  Five  of  the  fusistors 
were  cycled  at  5  amps  for  10  milliseconds.  The  test  circuit  schematic  is  shown 
in  Figure  54  and  consists  of  a  motor  driven  cam  operated  switch  which  triggers 
a  transistorized  circuit  allowing  5  amp  to  flow  through  the  five  fusistors 
connected  in  series.  The  transistorized  circuit  turns  the  current  off  after 
10  milliseconds  and  is  recycled  every  3-17  minuts  by  the  motor  drive  cam.  After 
100  cycles  two  of  the  fusistors  were  removed  and  replaced  with  two  one-ohm 
resistors.  The  remaining  three  fusistors  were  cycled  another  100  cycles  for  a 
total  of  200  cycles. 

After  cycling,  the  five  fusistors  plus  the  five  that  were  not  cycled  were  subject 
to  a  continuous  5  amp  load  and  fused.  The  fuse  times  were  recorded  on  an  oscillo¬ 
graph.  A  schematic  of  the  test  circuit  is  shown  in  Figure  55.  Figure  56  .is  a 
typical  record  of  the  fuse  time.  Table VI  shows  the  respective  fuse  times  for  the 
10  fusistors.  To  perform  the  test  the  circuit  was  set  up  using  a  one-ohm  resistor 
in  place  of  the  fusistor.  The  power  supply  voltage  was  adjusted  until  the  current 
was  5  amps  with  the  shunting  switch  (Sp)  open.  After  the  current  was  adjusted 
was  closed  and  a  fusistor  inserted  in  place  of  the  one-ohm  resistor.  The  power 
switch  (3g)  was  closed  and  the  shunting  switch  (S^)  opened  and  the  changes  in 
current  recorded  on  the  oscillograph  (see  Figure  56) . 

Examination  of  the  data  in  Table  \U  indicates  that  the  fusing  characteristics  of 
the  fusistors  were  not  changed  as  a  result  of  a  short  duration  high  load  current 
being  placed  on  the  fusistor.  The  200  cycles  is  far  in  excess  of  the  number  of 
times  the  D-21  pyrotechnic  circuits  will  be  tested  using  the  Fyrotechnic  Simulator . 
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As  discussed  earlier,  the  test  current  delivered  fcy  the  Pyrotechnic  Simulator 
is  somewhat  dependent  on  the  charge  condition  of  the  D-21  hattery  packs  and 
may  approach  8  amps.  !Do  demonstrate  the  fusing  characteristics  of  the  A-O306 
fusisior  at  higher  currents,  another  fusistor  (Number  11)  was  fused  using  the 
same  circuit  and  recording  equipment  shown  in  Figure  55.  The  power  supply  voltage 
was  adjusted,  prior  to  the  test,  to  produce  a  fusing  current  of  10  amps.  The 
resulting  fuse  time  is  shown  in  Table  VI .  The  fusing  time  at  10  amps  is  shown 
to  he  more  than  an  order  of  magnitude  greater  than  the  10  millisecond  time  the 
simulator  will  apply  the  test  load.  Therefore,  no  damage  to  the  fusistors  should 
result  from  using  the  Pyrotechnic  Simulator,  even  if  the  D-21  hattery  packs  are  ' 
at  their  maximum  charge.  It  is  therefore  concluded  that  the  simulator  is  a.  safe 
and  efficient  device  for  testing  the  D-21  pyrotechnic  circuits. 

Richard  L.  Hose 

Space  Systems  Engineering 

ELH/emg 

-  cc:  Manning  -  3 

B.  B.  Carpenter 
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TABLE  VI-  D-21  FUSISTOR  BL CW  TEST  (IRC  SPEC.  A-030 6) 


Pusistor 

"umber 


Times  Cycled 

(5  amps  for  10  milliseconds) 


Ambient  Temperature  75°F  for  all  tests 


Fuse  Time 
at  5  amps 


1.938  sec 

I.669  sec 

1.713  sec 

1.646  sec 

1.668  sec 

1.723  sec 

1.782  sec 

1.922  sec 

1.840  sec 

1.683  sec 

0.174 
(10  amp) 


DRIVEN  CAM 

•/3.17  min) 


Fusistor 


ENGINEERING  MEMORANDUM 


4  September  1969 
SP-7087 


Subject:  Thermal  Analysis  -  Effect  of  Apollo  Telescope  Mount  on 

D-21  Airlock  Location 


INTRODUCTION 

The  new  concept  of  the  NASA  SIVB  "Dry”  Workshop  includes  the  Apollo  Telescope 
Mount  (ATM)  as  part  of  the  payload  launched  with  a  single  Saturn  V  booster. 

This  arrangement  places  the  current  location  of  the  D-21  airlock  behind  one  of 
the  ATM  solar  cell  arrays  when  the  array  is  deployed.  A  thermal  analysis  was 
made  to  determine  the  effect  of  this  shadowing  on  the  airlock  temperatures.  An 
alternate  location  of  the  airlock  between  the  ATM  solar  cell  arrays  was  also 
studied  and  found  to  be  more  favorable.  See  Figure  57. 

SUMMARY 

The  present  location  of  the  D-21  airlock  in  the  shadow  of  the  ATM  solar  array 
imposes  severe  extremes  of  thermal  environment.  If  a  thermal  coating  with  "hot" 
properties  is  selected  to  keep  the  airlock  warm  in  the  shade ,  it  proves  to  be  too 
hot  during  those  periods  the  airlock  is  exposed  to  the  sun  prior  to  ATM  deployment 
01  during  random  orientation  periods.  A  cooler  thermal  coating  which  is  suitable 
to  control  the  heat  flux  in  the  sun,  is  found  to  be  too  cold  to  be  satisfactory  in 
the  shade. 

Although  this  problem  exists  to  some  degree  regardless  of  the  airlock  location, 
there  is  a  spot  between  solar  cell  arrays  which  has  less  extreme  fluctuatf  ons  in 
thermal  flux.  The  D-21  is  currently  located  on  the  McDonnell  Douglas  airlock 
module  (AM)  Strut  No.  3.  Relocation  of  the  D-21  airlock  to  Ftrut  NO.  4  of  the  AM 
appears  practical  and  will  provide  a  more  suitable  thermal  environment. 


103 


Fienre  57.  Proposed  Airlock  Location 


ANALYTICAL  APPROACH 

The  D-fil  airlock  was  simulated  thermally  as  a  cube  with  one  side  always  sun 
oriented*  A  heat  flux  program  was  established  where  the  total  heat  flux  subjected 
to  each  side  of  the  cube  was  determined.  The  coordinates  of  the  perpendicular  to 
each  -surface  are  inputs  to  the  program  and  by  knowing  these  values,  the  relative 
location  of  each  surface  with  respect  to  the  sun  and  earth  is  known  for  any  position 
in  any  desired  orbit.  Solar,  reflected  and  earth  heating  effects  were  computed  for 
24  locations  in  a  500-mile  orbit  having  an  inclination  of  10  degrees .  In  the 
temperature  calculations,  the  time  increments  must  be  considerably  smaller  to  ensure 
computational  stability,  and  these  values  were  obtained  by  linear  interpolation 
between  computed  points.  Kith  the  above  heat  flux  program,  the  study  was  divided 
into  two  separate  phases  namely;  packaged  and  deployed  configurations.  The  IBM 
Model  360  digital  computer  was  used  for  this  analysis. 

Packaged  Configuration  -  Maximum  Temperature  Case 

The  heat  fluxes  on  the  sun-oriented  side  of  the  cube  were  used  for  the  maximum 
temperature  calculations.  Optical  properties  for  the  surface  were  varied  through 
a  range  of  emissivities  from  0.04  to  0.12  and  corresponding  solar  absorptances . 

The  heat  fluxes  obtained  from  the  orbital  heat  flux  program  were  modified  by  these 
surface  properties,  then  used  with  a  transient  one -dimensional'.  temperature  program 
to  obtain  temperatures  through  the  structure.  This  program  divides  any  homogeneous 
material  into  a  number  of  slabs  and  by  conducting  a  heat  balance  on  each  slab,  computes 
the  temperature  gradient  through  the  foam  structure.  For  the  particular  case  investi¬ 
gated,  13  slabs  were  used,  3  for  the  multi-layer  insulation  and  10  slabs  for  the  foam 
varying  in  thickness  from  l/8  inch  to  l/2  inch  giving  a  total  thickness  of  2-7/8  inches 
The  results  of  this  run  (with  the  final  coating)  are  shown  in  Figure  58  where 
temperature  (l)  is  the  outside  surface  of  the  thermal  blanket  and  temperature  (4) 
is  thte  surface  of  the  foam  structure  adjacent  to  the  protective  multi-layer  insulation. 

Packaged  Configuration  -  Minimum  Temperature  Case 

For  the  minimum  temperature  case,  the  same  optical  surface  properties  were  assumed 
to  now  be  on  side  (3)  of  the  cube  and  the  orbital  heat  flux  program  modified 
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accordingly*  (See  Figure  59  for  cube  identification)  Side  (3)  is  assumed  to 
receive  the  minimum  overall  heat  flux.  Sides  (2)  and  (5)  actually  are  subjected 
to  a  lesser  heat  flux  based  on  solar,  reflected  and  earth  heating  but  are  expected 
to  be  warmer  due  to  effects  of  the  surrounding  structure.  The  re-radiation  of 
sides  (2)  and  (5)  vill  be  reduced  since  these  surfaces  will  be  viewing  a  much 
warmer  surface  than  absolute  zero.  No  study  was  made  to  determine  these  effects 
since  the  properties  and  pertinent  information  on  the  structure  is  unknown  and 
it  is  expected  that  side  (3)  will  be  the  surface  receiving  the  minimum  heat  flue. 

Heat  fluxes  obtained  from  the  above  program  for  side  (3)  were  modified  slightly 
to  include  the  view  factor  effects  of  the  solar  paddles  and  ATM  structure. 

A  view  factor  was  computed  between  side  (3)  and  the  structure  and  assuming  the 
structure  temperature  is  constant  at  60“  F  and  having  a  surface  emlttance  of  0.60, 
the  radiation  interchange  between  these  surfaces,  were  computed.  The  multi -slab 
solution  was  again  used  and  temperatures  obtained  for  the  modified  coating  and 
the  results  are  shown  on  Figure  58. 

Deployed  Configuration 

The  thermal  model  for  the  deployed  configuration  was  assumed  to  be  a  hollow  cube 
with  walls  one  inch  thick.  The  wall  of  the  cube  was  simulated  thermally  by*  the 
model  shown  below: 

SMtt  — 
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THLJPMAL  MODEL 
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A  transient  temperature  analysis  vas  then  conducted  between  each  node  to  obtain 
inner  and  outer  temperatures.  This  program  calculates  the  temperatures  of  all 
six  sides  of  the  cube,  and  also  incorporates  internal  radiation  between  surfaces. 
By  knowing  the  surface  properties,  materials  and  heat  fluxes  on  each  surface,  a 
time  -temperature  history  can  be  obtained  for  each  side  of  the  cube  throughout  the 
flight. 

The  D-2iairlock  configuration  is  basically  a  spherical  shape  and  is  simulated 
thermally  by  a  cube.  If  we  look  at  the  radiating  area  to  heating  area  ratios  it 
can  be  seen  that  the  cube  simulation  will  yield  lower  overall  temperature  results. 
A  spherical  shape  configuration  has  a  radiating  to  heating  area  of  4  compared  to 
6  for  the  cube.  In  order  to  obtain  more  realistic  answers,  we  must  increase  our 
heating  area  or  decrease  our  radiation  area  to  more  closely  simulate  the  spherical 
shape.  The  temperature  program  was  then  modified  by  using  the  first  approach.  A 
sketch  is  shown  below  indicating  how  the  heat  fluxes  were  increased  to  give  more 
realistic  results. 
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The  results  of  this  temperature  analysis  are  shown  in  Figure  59  where  side  (4) 
and  side  (3)  temperatures  are  shown  indicating  the  maximum  and  minimum  orbital 
temperatures  respectively  of  the  D-21  airlock.  Side  (4)  represents  the  hatch 
end  and  side  (3)  represents  the  coldest  part  of  the  airlock  expandable  structure 
in  the  sun-orientation  mode.  The  average  internal  surface  temperature  is  also 
shown  in  this  figure. 

RESULTS 

On  the  basis  of  materials  tests  the  following  temperature  limits  were  established 
as  design  criteria. 

(1)  Outside  surface  of  airlock  4275°  F  Max.  -20°  F  Min. 

(2)  Outside  surface  of  thermal  blanket  +350°  F  Max.,  -150°  F  Min. 

The  thermal  analysis  indicates  that  relocation  of  the  D-21  airlock  to  the  NASA 
Airlock  Module  (AM)  Strut  No.  4  position  is  required  to  avoid  exceeding  these 
design  temperature  limitations. 

The  primary  problem  is  selection  of  a  coating  which  will  not  degrade  the  surface 
materials  during  the  orbital  phase  prior  to  ATM  deployment  and  yet  be  warn  enough 
after  ATM  deployment  and  orientation  to  the  sun  to  allow  proper  deployment  of  the 
D-21  airlock. 

The  thermal  coatings  selected  as  optimum  for  both  the  packaged  and  deployed  airlock 
are  defined  on  Figure  60. 

As  can  be  seen  from  the  thermal  plots  of  Figure  58,  the  maximum  temperature  that 
the  outer  layer  of  the  thermal  blanket  will  achieve  is  +350°  F  prior  to  deployment 
of  the  ATM.  The  outer  surface  of  the  airlock  will  be  kept  below  +2503  F,  under 
these  conditions.  After  ATM  deployment  and  orientation  to  the  sun,  the  D-21 
airlock  minimum  temperature  will  be  no  less  than  -15°  F.  (The  microneteoroid  barrier 
material  of  the  airlock  increases  rapidly  in  stiffness  as  the  temperature  is  lowered 
below  -20°  F.)  The  outer  surface  of  the  insulative  blanket  will  of  course  cycle  from 
from  a  maximum  of  +35O0  F  to  a  minimum  of  -75°  F,  during  this  period  but  low  temperat 
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tests  show  the  materials  of  the  super  insulation  thermal  blanket  are  not  subject 
to  increased  stiffness  even  as  low  as  -1508  F. 

After  deployment  of  the  D-21  airlock,  the  thermal  model  becomes  a  hollow  shell 
with  internal  radiation  effects.  The  results  of  this  analysis  are  shown  on 
Figure  59.  The  maximum-minimum  temperature  of  the  outer  surface  ranges  from 
■*235°  F  to  -84°  F.  The  inner  surface  varies  from  +55°  F  to  -5°  F. 

For  the  location  behind  the  solar  array  of  the  ATM,  there  was  no  single  surface 
coating  which  would  not  exceed  the  limits  of  +350°  F  in  the  sun  and  also  maintain 
the  cold  condition  above  -20°  F  prior  to  deployment. 

DESIGN  APPROACH 

The  hatch  end  of  the  airlock  is  to  be  painted  with  Ball  Brothers  Incorporated 

80U  Silicone  base  paint  loaded  with  aluminum  flake  pigment  to  achieve  values  of 

(f  =  0.4l  and  £  =  0.48.  The  outer  layer  of  the  super-insulation  blanket 

will  be  aluminized  mylar  laminated  to  dacron  cloth  with  surface  properties  of 

0fg  =  0.12,  and  £  =  0.04.  This  will  be  modified  by  pierced  holes  to 

achieve  an  effective  (j(  =  0.l8,  and  £  -  0.12.  The  super  insulation  will 

s 

consist  of  18  layers  of  l/4-mil  aluminized  mylar  separated  with  dacron  cloth. 

This  should  achieve  a  conductivity  of  approximately  0.0005  BTU/HR-FT-°K. 

The  thermal  insulation  blanket  surrounds  the  expandable  materials  portion  of  the 
airlock  prior  to  deployment  and  tempers  the  thermal  environment  during  this  period. 

After  deployment,  it  lies  against  the  lower  surface  of  the  airlock  and  continues  to 
serve  as  thermal  moderator  in  this  area,  although  it  is  no  longer  required.  The 
remainder  of  the  exposed  expandable  structure  is  coated  with  the  same  silicone  base 
paint  as  used  on  the  hatch. 
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CONCLUSIONS 

1.  The  D-21  airlock  should  be  relocated  from  its  current  position  on  Strut  No.  3 
of  the  NASA  AM  to  the  Strut  No.  4  position  in  order  to  provide  an  acceptable 
thermal  environment.  (See  Figure  60) 

2.  A  thermal  insulation  blanket  is  required  to  protect  the  expandable  structure 
section  of  airlock  from  extremes  of  the  thermal  environment  in  the  packaged 
state. 

3.  The  thermal  blanket  is  not  required  after  airlock  deployment,  but  it  need 
not  be  jettisoned. 

4.  The  Qualification  Test  Program  procedures  should  be  revised  to  reflect  realistic 
thermal  environment  corresponding  to  this  thermal  analysis. 
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THERMAL  ANALYSIS  COMPUTER  RUN 
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APPENDIX  V 


DETERMINATION  OF  ORGANIC  OFF-GASSING  PRODUCTS  AND 
CARBON  MONOXIDE  FOR  D021  AIRLOCK  NONMETALLIC  MATERIALS 


l 


klf I  iNOtNIItlNO  MOCkOUM  S-017 


ENGINEERING  MEMORANDUM 


30  June  1967 


Subject*  DETERMINATION  OF  ORGANIC  OFF-GASSING  PRODUCTS  AND 

CARBON  MONOXIDE  FOR  D021  AIRLOCK  NONKETALLIC  MATERIALS 

A.  SUMMARY 

Tests  were  made  on  the  DO 21  no  metallic  composite  wall  material  and  its  component 
layers  under  vacuum  conditions  (10“^  7CRR)  to  eveiuate  weigirt  loss  due  to  off¬ 
gassing  effect.  An  initial  off-gassing  is  encountered,  resulting  from  boil- 
off  of  plasticizers  and  volatile  solvents,  with  a  negligible  weight  loss,  which 
subsequently  levels  off.  Curves  of  off-gassing  versus  time  aro  shown  in 
Figures  61  thru  65. 

Tests  were  also  made  to  determine  what  level  of  toxic  by-products,  such  as 
those  used  in  the  pressure  bladder  face  ply  materials,  are  given  off  while 
under  the  deployment  environment  of  5  psia  O2  atmosphere.  A  survey  of  toxic 
materials  known  to  be  used  in  the  pressure  bladder  face  ply  construction  was 
made,  and  found  to  be  halogenated  hydrocarbons  (methylene  chloride),  aromatic 
hydrocarbons  (toluene,  xylene) ,  ketones  (KEK)  and  toluene-diisocyanate  (TDI) . 

Tests  were  also  made  for  carbon  monoxide.  The  test  procedure  for  collecting 
traces  of  toxic  gases  was  to  place  the  test  material  in  a  pressure  vessel  that 
was  evacuated  and  subsequently  pressurized  to  5  psia  with  Og  at  155  degrees  F. 
The  test  material  was  exposed  for  2k  hours  prior  to  chemical  analysis  of  the 
toxic  gases.  The  test  values  were  determined  using  a  Mine  Safety  Appliances 
Company  Universal  colorimeter  type  tester  for  nil  constituents  tested,  except 
TDI,  for  which  test  a  Uni-Jet  Air  Sampler  (Union  Industrial  Equipment  Corp¬ 
oration)  was  used  for  determining  the  presence  of  TDI. 
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Time  (Hours) 

Figure  62.  Pressure  Bladder  Off-Gassing 
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Percent  Weight  Loss 


Figure  63.  Polyester  Film 
Off-Gassing 


Figure  64.  Polyether  Foam  Off-Gassing 
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B.  REPORTING  DATA  -  TOXIC  BY-PRODUCTS 


1.  Type  of  Material  -  Test  material  corvdsting  of  pressure  bladder  face  ply 
•  {Laminated  nylon  film,  nylon  fabric  and  aluminum  foil  with  ALODEJE 
thermal  coating.  Interplies  laminated  with  polyester  adhesive)  • 

2.  Material  Osage  -  Pressure  bladder  f  J.ce  ply.  Aluminum  foil  ALOPINE  coated 
side  is  exposed  to  the  oxygen  pressure.  There  i3  rpproximately  77  square 
feet  of  pressure  bladder  surface  area.  Airlock  expanded  volume  is 
approximately  78  ft3.  Tbs  pressure  bladder  face  ply  maximum  service 
temperature  is  100  degrees  F. 

3.  Test  Material  -  The  test  for  determination  of  toxic  by-products  was 
conducted  on  a  tsst  sample  of  pressure  bladder  face  ply  material 
measuring  12  inches  square  and  tested  in  a  chamber  of  O.U  ft"*. 


Test  Results 

TEST  CHAMBER 
PPM-ft3/ft2 

AIRLOCK 

PPM 

Carbon  Monoxide 

2 

2 

Halogenated  Hydrocarbons 

0 

0 

Aromatic  Hydrocarbons 

20 

20 

Ketones 

12 

12 

Toluene-Diisocyanate  .ou  U  .OOli 
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C.  D021  COMPOSITE  MATERIAL  SUMMARY 


ITEM 

1.  Pressure  Bladder 

a.  Face  Ply 

Thermal  Coating 
Foil  Flame  Barrier 
Fabric 
Film 

b.  Foam 

c.  Face  Ply 

Film 

Fabric 

2.  Structural  Layer 

Filament  Wire 
Filament  Yarn 

t 

3.  Micrometeoroid  Layer 

Foam 

lu  Outer  Cover 
Film 
Fabric 

Thermal  Coating 
5*  Interply  Adhesive  Layers 


TYPE 


ALODINE 
Aluminum 1 
Nylon 
Nylon 

EPT 


Nylon 

NYlon 


Stainless  Steel 
Rayon 

Polyethar 

Nylon 

Nylon 

Aluminized  Silicone 
Polyester 


Prepared  by: 


C 


KLC/het 
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i.  L.  Cordier 

Materials  Technology,  D/U57-G 


APPENDIX  VI 


D021  AIRLOCK  NONMETALLIC  MATERIALS  COMPLIANCE 
WITH  ASPO-RQTD-D67-5A  (MAY  3,  1967) 
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itr>  tNOMtittNO  noctouat  s  oi/ 


lit  August  196? 


ENGINEERING  MEMORANDUM 


Subjects 

D-21  Airlock  Normetallic  Materials  Compliance 

With  ASPO-RQTD-D67-5A  (May  3,  1967) 

Reference: 

(1) 

Apollo  Spacecraft  Program  Office, 

Normetallic  Materials  Selection  Guidelines, 
ASPO-RQTD-D67-5A,  dated  May  3,  1967. 

(?) 

Procedures  and  Requirements  for  the 

Evaluation  of  Spacecraft  Nonmetallic  Materials 
MSC-A-D-66-3-Rev. -A,  dated  June  5,  1967 

A.  GENERAL 

The  D-21  Airlock  Experiment  is  an  in-orbit  evaluation  of  the  expandable 
structures  technique  applied  to  an  airlock  design.  The  experiment  D-21 
Airlock  package  is  externally  mounted  in  the  uninhabited  portion  of  the  NASA 
Airlock  Module,  as  a  corollary  experiment  aboard  the  S-IV-B  Spent  Stage 
Orbital  Workshop,  Saturn-Apollo  Flight  209. 

To  interpret  the  Reference  (l)  document  with  regard  to  the  D-21  structure, 
requires  a  definition  of  the  elements  involved.  The  interior  of  the  D-21 
Airlock  is  an  aluminum  foil  shell.  Outside  of  this  aluminum  shell  i3  an 
atmosphere-retaining  pressure  bladder.  The  aluminum  shell  and  pressure 
bladder  are  surrounded  by  a  structural  filament-wound  cage.  This  basic 
structure  is  protected  from  thermal  and  micrometeoroid  effects  by  a  layer 
of  foam  and  an  external  thermal  cover. 

Review  of  the  Reference  (l)  document  in  regard  to  categorizing  the  D-21 
Airlock  normetallic  materials  according  to  their  usage,  indicates  the  materials 
should  qualify  in  accordance  with  the  test  requirements  of  usage  Category  "Hn, 
titled  "Materials  in  Uninhabited  Portions  of  the  Spacecraft." 
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Goodyear  Aerospace  Corporation  in-house  tests  of  the  D-21  nonnetaliic 
materials  were  made  in  accordance  with  the  test  requirements  of  Reference  (2), 
Test  No.  1,  and  successfully  met  the  criteria  of  acceptability  that  major 
exposed  materials  be  self-extinguishing  in  air. 


B.  REPORTING  DATA 

The  following  data  are  submitted  in  accordance  with  the  procedures  defined 
in  Reference  (2),  Section  9.0  of  Test  No.  1. 


D-21  Composite  Material  Summary 

USAGE  NAME  (GENERIC) 

MFGS. 

CODE 

MANUFACTURER 

Pressure  Bladder 

Thermal  Coating 

ALODINE 

Ii07/Ji? 

Amchem  Prod. 

Foil  Flame  Barrier 

Aluminum 

1100-0 

Alcoa 

Fabric 

Nylon 

Ali787 

Stern  &  Stern 

Film 

Nylon 

Capra n  77C 

Allied  Chemical 

Foam 

EPT 

RL81T 

Rubatex 

Structural  Layer 

Filament  Wire 

Stainless  Steel 

7-302 

National  Standard 

Filament  Yarn 

Rayon 

Taslan 

Kahn  &  Feldman 

Micrometeoroid  Layer 

Foam 

Polyether 

UUiihFR 

Bernel  Foam  Prod. 

Outer  Cover 

Film 

Nylon 

Capran  77C 

Allied  Chemical 

Fabric 

Nylon 

Aii787 

Stern  &  Stern 

Thermal  Coating  Aluminized 

Silicone 

Interply  Adhesive  layers 

80U 

Ball  Brcs.  Res. 

Coating 

Neoprene 

1U73C 

Goodyear 

Coating 

Polyester 
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AD91? 

Goodyear 

asK0sa«s*l 


2. 


D-21  Expandable  Material  Physical 

Total  No metallic  Material 
Packaged  Volume  (Launch) 

Expanded  Volume  (Orbit) 

Surface  Area  (Expired) 

Maximum  Service  Temperature 


Characteristics 

39.5  pounds 

17.5  cubic  feet 
78.0  cubic  feet 
77.0  square  feet 

100°  F. 


3.  Self  Extinguishing  In  Air  -  Yes. 

U,  Combustion  Characteristics 

Four  configurations  of  the  D-21  no  metallic  composite  wall  material 
were  tested  and  in  all  instances,  as  illustrated  in  Figures  66  through 
69,  the  material  proved  self-extinguishing  with  negligible  flame 
progression. 

5.  Test  Procedure 

Self -extinguishing  in  air  criteria  was  demonstrated  for  four  configurations 
of  the  D-21  ncnmetallic  composite  wall  material  when  tested  in  accordance 
with  Reference  (2)  requirements  for  sample  size  and  ignition  source. 

Figure  66  illustrates  a  test  sample  simulation  of  the  material  packaged 
configuration.  A  vertical  sample,  two  inches  wide  by  five  inches  long, 
held  by  vertically  mounted  steel  clamps,  was  ignited  at  the  bottom  of  the 
test  specimen. 

Figure  67  illustrates  a  test  sample  simulation  of  the  material  deployed 
configuration.  A  vertical  sample,  two  inches  wide  by  five  inches  long,  was 
held  in  a  relaxed  condition  when  ignited  at  the  bottom  of  the  test  specimen. 
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Figure  68  illustrates  a  test  sample  where  the  ignition  source  was 
applied  at  an  area  with  one-inch  slits  cut  through  the  outer  cover. 

Figure 69  illustrates  a  test  sample  where  the  ignition  source  was  applied 
at  an  area  with  one-inch  slits  cut  through  the  film-fabric  face  ply  of 
the  pressure  bladder. 

The  figures  show  the  test  sequence  before,  during,  and  after  ignition. 


6.  Date  of  Test 

August  10,  1967. 

7.  Tests  conducted  by  GAG  Advanced  Material  Laboratory. 


K.  L,  Cordier,  D/!i57 
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Composite  l  lalj.  Flammability  Test  I  Pressure  BlaJde: 


APPENDIX  VII 


LEAK  TEST  CALCULATIONS 
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LEAK  TEST  CALCULATIONS 

A  test  was  conducted  to  determine  the  amount  of  leakage  from  the  D-21  Airlock 
configuration  in  a  24-hour  period.  From  the  results  of  that  test,  a  calculation 
was  made  to  determine  the  amount  of  leakage  to  be  expected  under  vacuum  con¬ 
ditions  . 

The  test  was  conducted  at  an  internal  pressure  of  36.363  in/Hg  at  the  beginning 
of  the  24-hour  period  and  ended  with  an  internal  pressure  of  36.291  in/Hg.  The 
initial  outside  pressure  was  29.243  in/Hg  and  at  the  end  of  test  this  pressure 
was  29.3H  in/Hg.  The  amount  of  nitrogen  that  escaped  during  this  24-hour  period 
was  calculated  to  be  0.013  lb. 

The  area  available  for  leakage  was  calculated  from  the  following  equation: 


a> 


wnere 


a 

A 


=  leak  rate,  lb/sec 
=  leak  area,  in.d 


(1) 


The  leak  jate  per  unit  leak  area  was  calculated  from  the  following  equation: 


tu 


g  j 


ri 


2/k 


k  +  1, 


1/2 


(2) 


where 


-°i 

0 

*•  V 

p 


internal  pressure 
outside  pressure 

Nitrogen  gas  constant,  5r>.l6  ft  lb/lb-f,F 
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e 

j 

c 


g 

gravitational  constant,  32.2  ft/sec 
heat  equivalent,  778  ft  Vo/BTU 
specific  heat  of  nitrogen,  0.247  BTU/lb 
ratio  of  specific  heats,  1.4 


-  DR 


Solving  equation  (2)  yields  a  flow  rate  per  unit  leak  area  of 


co 


*L 


=  0,327  lb/sec  -  in' 


Equation  (l)  then  yields  a  leak  area  of 


=  4.63  x  10"7  in“ 


In  a  vacuum,  where  the  outside  pressure  is  near  zero,  the  following  equation 
defines  the  leak  rate  per  unit  leak  area: 

- !TTT" 


"\ 


/ 


a> 


Px  e  k  (2/k  +  1) 


k  -  1 


A. 


(3) 


iS  k  R  T. 


™y  b  ~  “ 

Solving  equation  (3)  for  the  leak  rate  per  unit  leak  area  yields 


cd 


=  .0785  lb/sec -in'” 


In  a  24 -hour  period  th°  weight  loss  was  calculated  to  be 


a>  =  C.0021  lb. 


on  a  volume  flow  rate  basis 


Q  = 


CD 


(4^ 


?45 


The  volume  flow  rates  are  equal  for  both  cases,  estimated  to  be  11  CFM.  The 
difference  in  the  two  weight  losses  are  entirely  due  to  the  density  of  the  two 
situations.  In  the  laboratory,  the  gas  was  contained  at  about  17-8  psia  while 
in  a  vacuum,  the  gas  pressure  is  expected  to  be  3*5  psia,  thus  for  the  same 
contained  volume  and  temperature,  the  densities  are  considerably  different. 
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Beference 


GAC  Failure  Action  Beport  -  Serial  Nc.  75773 


Corrective  Action 

The  following  corrective  action  has  been  taken  on  the  Qualification  Test  Unit 

and  wD.l  also  be  incorporated  on  the  flight  units  prior  to  delivery.  4 

1.  The  terminal  board  connectors  have  been  re-examined  and  meticulously  cleaned. 
Conformal  coating  has  been  added  to  cover  all  exposed  solder  terminals. 

2.  The  instrumentation  box  wire  harness  was  removed,  cleaned  and  reinstalled. 
All  exposed  solder  connections  were  conformally  coated. 

3.  All  unused  printed  circuit  card  connectors  were  potted. 

4.  Three  unused  detector  board  assemblies  (2  of  66QS1497-105  and  one  of 
66QS1497-101)  were  removed  to  reduce  load  on  the  12  Volt  power  supply. 

9-  Defective  Electra  BN55D  t;ype  resistors  have  been  replaced  with  RNT\35C  type 
resistors. 

6.  Conformal  coatings  on  the  printed  circuit  boards  have  been  stripped  and 
new  coatings  reapplied  in  strict  compliance  with  GAC  Process  Specification 
E-ll  Type  III  conformal  coating  application  procedure. 

7-  An  electrical  load  analysis  shows  the  maximum  current  drain  on  either  the 
plus  or  minus  12  Volt  terminals  of  the  power  supply  to  be  100  ma.  This  is 
66  percent  of  the  150  ma  rating  of  the  power  supply.  No  action  required. 
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8.  The  corroded  areas  or.  the  metal  shell  were  due  to  loss  of  surface  protective 
coating  during  several  disassembly  and  assembly  operations.  Surface  areas 
were  buffed  to  remove  corrosion  and  alodine  coatings  reapplied. 

9.  Subsequent  to  the  above  corrective  action,  the  66QS1502-101  Instrumentation 
Bcoc  Assembly  was  subjected  to  the  10-day  temperature  and  humidity  environments 
in  accord  with  GER-13088B  paragraph  4.0.  Unit  was  found  to  be  in  excellent 
mechanical  and  electrical  condition  after  this  exposure. 
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FAILURE  AKALYSIS  REPORT 

RETURN  TO  DEPT.  479 


GOODYEAR  AEROSPACE 

CORPORATION 

AKRON.  OHIO  4«»l» 


X-rays  (x)  Vendor  F/A 


PHOTOGRAPHS  g]  TEST  ANALYSIS  REPORT 

mfr;  Mil  Associates  Inc.  QTH 

Mil  Associates  Inc.  Hudson,  New  Hampshire,  Low  Voltage  Supply 


MARKINGS: 


205  „  ^ 

STR  NO, 

THER 


7  5  7  7  3 

_  _ Li - Li_ 


NCR: 


(Airlock) 

Serial  Number  293,  Model  LV-12,  Input  28V  +  37  output  -12V,  common,  +12V. 
66Q31502-101  Instrumentation  Box  failed  ETT-GA597-21,  section  1,  para.  2A. 

There  was  no  12 V  output  after  the  ten  (10)  day  humidity  test. 


Analysis:  The  failure  was  verified.  The  power  supply  had  been  returned  to  the  vendor  for 
Failure  Analysis  (see  NCR  75776).  The  vendor’s  report  (S/N  00216)  dated  2-1L-69  stated  that 
the  discrepancy  was  the  result  of  an  overload  external  to  the  supply  or  a  random  failure  of 

Q5. 

The  supply  wa3  returned  to  GAC  for  further  analysis. 

The  emitter  leads  of  Q3  &  Q5  were  fusad  •  The  emitter  wire  of  03  was  almost  totally  disinteg¬ 
rated.  The  wire  of  Q5  was fused  open  but  stayed  xn  place  (see  attached  photographs;. 

The  Instrumentation  Assembly,  test  circuits  and  the  wiring  were  examined  to  determine  the 
possibility  of  an  external  overload  being  applied  to  the  failed  supply. 

The  following  observations,  pertinent  to  the  power  supply  failure,  are  noted: 

1)  The  Instrumentation  Assembly  circuit  board’s  passivation  coating  was  bubbled. 

2)  The  boards  had  an  accumulation  of  flux  contamL. -cion  that  had  caused  formation  of 
some  corrosion. 

3)  The  load  currents  of  the  failed  power  supply  were  not  monitored  during  the  post  environ¬ 
mental  tests. 

Continued  on  Page  2  and  3  by  j?S  Zeigler  oate  .4~4.f69 

pREcawENDED  action  1)  Engineering/ Tech  Service  to  investigate  the  integrity  of  the  passivation 
coating  used  on  the  boards*  2)  QC  to  check  the  board  cleaning  procedures  and  make  sure  the 
process  is  adequate.  3)  The  test  specification  GA59?“21  should  be  changed  to  require  adequate 
monitoring  of  the  test  system  to  allow  isolation  of  failure  inducing  discrepancies,  b)  All 
Electra  resistors  type  RN55D  should  be  replaced  with  RNR  types  to  MIL-R-55182  (7v=S).  5)  Use 
a  conformal  coating  to  protect  the  connector  terminations  from  moisture.  6)  Engineering  to 
conduct  an  analysis  of  the  loading  of  the  +  12V  supply.  The  supply  should  be  operating  at 
approximately  66/?  of  it  rated  output-  current. 


BY  DATE 


BY 


JJ  Droll 


DATE 


b-b-69 


CORRECTIVE  ACJION 


$cc  a7£c/ifc 


i  j 

FART  NAME 

Fart  serial  no. 

POWER  SUPPLY 

293 

FART  VENDOR 

F AFT  !>WC.  NO. 

MIL  ASSOCIATES 

LVI2j-12 

r*ILU»£  CLASSIFICATION 

SECONDARY  FAILURE 

DISTRIBUTION: 

L.  Planning  (6) 

M.  Lahr 
R.  Nuss 
W.  Murray 
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U)  The  Instrumentation  package  was  oscillating.  The  oscillation  (c£  50KC)  were 
feeding  back  into  the  power  supply.  It  was  noted  that  the  current  drain 
increased  approximately  hPf>'  during  the  periods  of  oscillation.  Current  during 
oscillation  was  UjO  and  80  to  100  ma  with  no  oscillations. 

5)  A  globule  of  solder  was  partially  bridging  the  *  and  -  12  volt  connector  terminals 
in  the  Instrumentation  package.  An  accumulation  of  corrosion  was  noted  around  the 
solder  bridge. 

The  wiring  harness  (including  the  connectors)  was  tested  separately  to  determine 
the  loading  it  presents  to  the  +  12  VDC  supply  (see  item  5  above). 

Although  the  solder  bridge  was  probed  and  the  oscillations  stopped, the  open 
circuit  current  of  the  +  and  -  12  v  supply  harness  was  5  to  15  ma  after  «  2 
hours  at  temperature  and  humidity. 

6)  The  pH  of  the  water  used  in  the  humidity  test  was  6.95  (if  the  pH  is  7.0  the 
hydrogen  -  and  hydroxyl-ion  concentrations  are  equal  and  the  solution  is  neutral, 
pH  less  than  7  the  solution  is  acid,  pH  greater  than  7  the  solution  is  alkaline). 
This  however  would  not  contribute  to  materials  corrosion. 

7)  Ten  of  the  Instrumentation  package  boards  did  not  pass  the  card  test.  Threshold 
levels  were  out  of  tolerance.  The  board  failures  were  Electra  RN55D  type 
resistors.  The  resistors  exhibited  poor  metallization  adhesion  to  the  ceramic 
bobbin,  poor  spiralling  and  damaged  end  oaps. 

8)  A  npare  power  supply  S/N  313  was  subjected  to  a  temperature  and  humidity  test 
to  determine  the  capability  of  the  supply  to  operate  at  full  rated  load  without 
destroying  itself  by  going  into  a  thermal  runaway  condition.  The  unit  operated 
within  the  procurement  specification  limits.  The  supply  was  operated  at  full 
rated  load  during  the  temperature  and  humidity  test. 

The  results  of  the  test  are  shown  in  the  Environmental  Test  Lab  Analysis  Report. 
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Pag*  3 
FAS  ?$7?3 

Conclusions 

1)  The  power  supply  apparently  failed  as  a  result  of  an  overload.  Analysis  indicates 
that  an  excess  current  drain  caused  the  power  supply  switching  transistor  Q5  to  go  into 
thermal  runaway  and  eventually  destroying  itself  and  the  series  regulator  transistor 

(Q3).  The  overload  current  was  caused  by  an  improperly  processed  solder  joint  and  oscilla¬ 
tions  in  the  detector  board  assemblies. 

2)  The  ♦  and  -  12  volt  output  bus  lines  are  on  adjacent  terminals  on  the  connector. 

The  improperly  processed  solder  joint  was  partially  bridging  these  two  terminals  causing 
an  additional  load  current  to  be  drawn. 

3)  The  detector  board  failures  icre  caused  by  defective  RNf>J>D  type  resistors.  The 
Electra  RN55D  type  resistors  that  failed  exhibited  defects  which  indicated  that  the  entire 
lot  should  be  rejected.  Evaluation  of  stock  resistors  (RNJ>5Dli992F)  exhibited  poor  process¬ 
ing  control  of  the  element  spiralling. 

U)  Evaluation  of  power  supply  application  indicates  that  the  design  is  marginal. 

The  required  load  current  from  the  ♦  12 TOC  supply  Is  liiOma.  The  maximum  rated  output 
current  of  the  supply  is  lj>0  ma. 

5)  The  amount  of  corrosion  observed  following  the  T  &  H  test  indicates  that  soma  of  the 
materials  and/or  material  finishes  are  not  adequate. 
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Power  Supply  MIL  Assoc.  LV-L'  3/W  31j 
Room  Ambient  Tempe ratu re 


Input  Voltage 
Input  Current 
Output  Voltage 

Ripple  Voltage 

Power  on  Time 
Frequency 


28  VDC 
300  ma 

+11.999  to  +12.008  @  150  ma  load 
-II.505  to  -XI. 507  @  11*8  ma  load 
(<02Y)  8  mv  with  19  mv  spikes 
(-12V)  10  mv  with  20  mv  spikes 
10  minutes 
250  KH£ 


Enclosure  to  PAR-75773 

Env.  Lab 

4-3-69 


Temperature  160°F  (71°C)  RH  =  95,=  fD  =  250  KHz 


Time ( Minute s )  10 


+12V  Output 
+127  Load  I 
-12V  Output 
-12V  Load  I 
+12 V  Ripple 
-12V  Ripple 


10 

20 

30 

iiO 

50 

60 

75 

90 

Unit 

23 

28 

28 

23 

28 

28 

28 

23 

Volts 

320 

330 

350 

355 

360 

360 

358 

353 

made 

12 .109 

12.152 

12 .192 

12 .208 

12.211* 

12.213 

12.205 

12 .201 

+  '/'cits 

150 

150 

150 

150 

150 

150 

150 

150 

+  ^adc 

11.601 

11.651 

11.685 

11.706 

11.711 

11.709 

11.701* 

11.699 

-  ■/olts 

11*8 

II48 

11*9 

11*9 

11*9 

1 1*9 

11*9 

11*9 

-  r.adc 

10 

10 

12 

13 

11* 

18 

11* 

15 

mvPP 

8 

8 

9 

9 

10 

11 

10 

11 

mvPr 

+12V  output  Z\EA6o0  =  206  mv 
-12  V  output  Z^fi/l*6°C  =  2  Oit  mv 
+12 v  Ripple  Spec  limit  =  1*0  mv  PP 


+12V  spikes 


Spec  Limit  =  230  mv  (5  mv/°c) 
Spec  Limit  =  230  mv  (5  mv/°c) 


18  mv  PP 


-12V  spikes 


Total  powui*  cm  tiiii j  uoO  mins* 


/  UU 


mv  PI’ 
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FAILURE  ANALYSIS  REPORT 

tITOMi  TO  DIPT .  479 


PHOTOGRAPHS  Q  TEST  ANALYSIS  REPORT  Q 
mfr:  Slectra 

MARKINGS:  RN55DU992F 


GOODYEAR  AEROSPACE 

CORPORATION 

AKRON  OHIO  4491* 


S?R  NO. 

OTHER  W  * 


Airlock 


Resistor  open 

Failure  -verified,  resistance  measurescO, 

The  passivation  appeared  only  partially  accomplished  and  the  resistive 
element  did  not  adhere  completely  to  the  ceramic  core  of  the  resistor, 
(contamination  on  sub-strate). 

One  end  cap  svedged  on  crooked. 

The  end  cap  on  the  "open”  end  of  the  resistor  was  cut  by  the  spiral  cutting 
operation  of  the  metal  film  and  the  spiral  cut  appeared  abnormally  wide  at 
this  end. 


Failure  mode:  op,n  resistor 

Failure  mechanisms  film  deposit  and  spiral  cut. 


£  Zeigler  DKn.  3-31-69 


recommended  action 

See.  FAR-75773 

pvJJ  Droll  .  date  k-8-69 

CORRECTIVE  ACTION 

BY _ 

DATE 

■  '  '  —  P-".  ^ 

CORRECTIVE  ACTION  I 

PART  NAME 


RESISTOR-FIXED  FILM 


irrnrrn; 


SLECTRA  ■ 


IFIRKNCC  0(* I •NATION 


R 


FART  AERIAL  NO. 


FAAT  PWQ.  NO, 

RN55DU992F 


FAILURE  CLAtf I  FI 


VENDOR  PROCESSING 


Enclosure  to 

FAR-75773 


AIRLOCK  PARTS  EVALUATION 


Part  Number 

RN55DU992F 

Markings 


Part  Wane 


Resistor 


Manufacturer  P.0.  Number  R.S.  Qty.  Sample 
Electra  7H1237EA  2 


G.A.C.  blue  dot 
Vendor  RN55DU992F 


Discrepancies,  process  deviations  and/or  general  notes 

external  1.  hard  light  blue  case 

2.  markings  and  leads  o.k. 


internal  1. 

2. 

3. 


passivation  thin 

ragged  edges  on  spiral  cut 

end  caps  on  both  units  on  crooked 


Short  term  overload 

#1  U9.693K  #2  U9.612K  pre-overload 

49*696X  1*9, 611. 36  post-short  term  overload  @  208V  for  3  sec. 


Data  part  received 


Evaluation  performed  by 


3-26-69 


E.  S.  Zeigler 


M.T.C. Number 


Date 


1280U2 


3-31-69 


I 

I 
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FUNGUS,  SALT  FOG  AND  ACOUSTIC  TESTS 
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TEST  REPORT 


itroiT  no.  -  4.10.62— 1_ 
out  JO*.  NO.  .  4-1 Pfii — 


YOU*  K  O.  NO. 


7B0058-YX 


urns 


IVORIES  TESTING  DIVISION  HUNTSV1LIE  f  ACUITY.  MCmmDAi  WmI.  I 


CONTIACT 


Goodyear  Aerospace  Corporation 
Akron,  Ohio  44315 


ENVIRONMENTAL  QUALIFICATION 
TEST  PROGRAM 


ONE  EXPANDABLE  AIRLOCK 
PART  NUMBER  D-21 


28  Page  Report 


pat*  June  29.  1970 


GOODYEAR  AEROSPACE  CORPORATION 
AKRON,  OHIO 


REPORT  NO._ 


WYLS  L  A  ■  O  *  ATO  HI  testing  division  HUNTSVIUf  f  ACUITY 
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FIGURE  70  ACOUSTIC  TEST  SPECTRUM 


1 


FIGURES  71  THROUGH  76-  ACOUSTIC  SPECTRUM  PLOTS 


173  thru  178 


PHOTOGRAPH  1  -  FUNGUS  TEST  SETUP 


ll  PHOTOGRAPH  2  -  ACOUSTIC  TEST  SETUP 


If  PHOTOGRAPH  3  -  SALT  FOG  TEST  SETUP 
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1.0  SUMMARY 

One  Expandable  Airlock  Experiment  (D-21)  was  subjected 
to  Fungus,  Acoustic,  and  Salt  Fog  Tests  in  accordance 
with  References  2.1  and  2.2  of  this  report. 

The  test  specimen  successfully  completed  the  Environ¬ 
mental  Test  Program  without  any  visual  evidence  of 
degradation.  The  post  functional  test  was  performed 
by  the  Goodyear  Representative. 

2.0  REFERENCES 

2.1  Goodyear  Aerospace  Corporation  Purchase  Order  Number 

7B0058-YX. 

2.2  Goodyear  Aerospace  Corporation  Dociunent  GER  13060, 

entitled:  Environmental  Qualification  Test  Specifi¬ 

cation  for  Expandable  Airlock  Experiment  (D-21)  GER- 
11  o 0,  Revision  F. 

2.3  Wyie  Laboratories  Test  Procedure  Number  41062-1, 

entitled:  Environmental  Qualification  Test  Program 
on  one  Expandable  Airlock,  dated  April  1967. 

2.4  Military  Specification  MIL-STD-810A,  dated  23  June  1964, 

entitled:  Environmental  Test  Methods  for  Aerospace  and 
Ground  Equipment. 

3.0  MANUFACTURER 

Goodyear  Aerospace  Corporation 
Akrjn,  Ohio  44315 

4.0  TEST  CONDITIONS  AND  TEST  EQUIPMENT 

4 . i  Ambient  Conditions 

Unless  otherwise  specified  herein,  all  rests  were  performed, 
at  an  atmospheric  pressure  of  29.38  ±_  0.50  inches  of  mercury 
absolute,  a  temperature  of  77  +_  20°F,  and  a  relative  humid¬ 
ity  of  less  than  95  percent. 
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4.0  TEST  CONDITIONS  AND  TEST  EQUIPMEITT  (Continued) 

4.2  Test  Equipment  and  Instrumentation 

All  test  equipment  and  instrumentation  used  for  the  per¬ 
formance  of  this  test  program  complies  with  the  require¬ 
ments  of  Wyle  Laboratories  Quality  Control  Manual  which 
conforms  to  the  applicable  portions  of  Military  Specifi¬ 
cation  MIL-C-45662A.  The  equipment  and  instrumentation 
used  for  each  test  are  presented  in  Appendix  I  of  this 
report . 
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5.0  REQUIREMENTS.  PROCEDURES.  AND  RESULTS 

5 . 1  Fungus  Test 

5.1.1  Reguirer  snts 

Three  material  samples  shall  be  subjected  to  a  Fungus 
Test  in  accordance  with  Military  Standard  MIL-STD-810A, 
Method  508.1,  Procedure  II. 

5.1.2  Procedures 


The  ingredients  listed  below  were  placed  in  a  flask, 
plugged  with  cotton,  and  the  medium  was  melted  in  an 
autoclave . 


Ingredients 

Quantity 

NH4NO3 

3.0  g 

K2HPO4 

1.0  g 

MgS04  -7H2O 

0.25  g 

KCl 

0.25  g 

Agar 

15-20.0  g 

Distilled  Water 

1000.0  ml 

Approximately  60  ml  of  the  culture  medium  was  poured 
into  three  6-inch  petri  dishes,  and  allowed  to  harden. 

Using  the  spare  fungi  listed  below,  a  spore  suspension 
was  mixed  by  introducing  approximately  10  ml  of  sterile 
distilled  water  into  each  tube  culture  of  the  fungi. 

The  fungi  t pores  were  brought  into  suspension  by  vigor¬ 
ously  shaking  each  tube  of  fungi.  The  separate  spore 
suspensions  were  mixed  together  from  the  three  types  of 
fungi  to  provide  a  composite  suspension. 


WVLI  I.  A  •0*ATC«!SS»/«Siw&  Division  hunisviue  faCuitv 


REPORT  NO  41062-1, 

FACE  5 


5.0 


REQUIREMENTS.  PROCEDURES.  AND  RESULTS  (Continued) 


5.1 

Funqus  Test  4  ontinued) 

5.1.2 

Procedure  (Continued) 

Aspergillus  niger 

QM  386 

Aspergillus  flavus 

QM  380 

Trichoderma  T-i 

QM  365 

Each  cf  the  2-inch  square  dust  free  specimens  were 
placed  on  the  center  of  the  hardened  Agar  medium  in 
each  of  the  three  petri  dishes. 

Several  strands  of  heavy  sterilized  cotton  twine  2  to 
3  inches  long  were  placed  approximately  1  inch  from 
the  test  specimens. 

Using  a  pipette,  the  test  specimens  were  inoculated  with 
approximately  0.3  ml  of  spore  suspension.  The  inocula 
were  distributed  evenly,  lengthwise,  and  around  the  edges 
of  the  specimen  without  flooding  the  Agar  medium. 

The  cotton  twine  was  inoculated  as  described  above. 

The  three  petri  dishes  were  placed  in  the  fungus  chamber 
and  the  chamber  temperature  adjusted  to  30  +  2°C.  The 
relative  humidity  was  maintained  at  95+5  percent. 

The  above  temperature  and  relative  humidity  were  main¬ 
tained  for  a  minimum  period  of  14  days. 


Upon  completion  of  the  Fungus  Test,  a  photograph  of  the 
test  setup  was  taken. 
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5.0  REQUIREMENTS.  PROCEDURES.  AND  RESULTS  (Continued) 

5.1  Fungus  Test  (Continued) 

5.1.3  Results 


A  visual  examination  of  the  four  samples  revealed  that  the 
fungus  was  growing  on  the  cotton  twine,  but  there  was  no 
evidence  of  growth  on  the  specimens. 

The  test  data  are  presented  in  Appendix  I  of  this 
report. 

A  photograph  of  the  test  specimens  is  presented  in  Photo¬ 
graph  1. 
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(Continued) 


Acoustic  Test 


5.2.1 


Requirements 


The  test  specimen  shall  be  subjected  to  an  Acoustic  Test 
using  the  general  procedures  of  Military  Standard  MIL- 
STD-810A.  The  test  spectrum  shall  be  as  shown  in  Figure 
9-1  as  the  proposed  test  spectrum,  or  alternatively,  as 
close  to  the  spectrum  required  by  Goodyear  Specification 
GER  13060  as  can  be  attained  in  a  Wyle  Acoustic  Facility. 
The  acoustic  test  time  shall  not  exceed  10  minutes. 

Upon  completion  of  the  Acoustic  Test,  a  visual  inspec¬ 
tion  shall  be  performed. 

A  Functional  Test  shall  be  performed  by  the  Goodyear 
Representative  upon  completion  of  the  Acoustic  Test. 

Procedures 

Three  microphones  were  installed  in  the  acoustic  chamber 
to  monitor  the  sound  field  of  the  area  the  specimen  was 
occupying. 

A  preliminary  spectrum  investigation  was  performed  and 
approval  of  Quality  Control  and  Government  Source  Inspec¬ 
tion  was  obtained. 

The  test  specimen  was  installed  in  the  test  setup  as 
shown  on  the  acoustic  test  data  sheets. 

A  microphone  calibration  was  performed  prior  to  the 
start  of  the  Acoustic  Test. 

A  photograph  was  taken  of  the  test  setup  prior  to  the 
start  of  the  Acoustic  Test. 

The  ambient  test  conditions  were  measured  and  recorded 
on  the  applicable  test  data  sheets. 
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5.0  REQUIREMENTS,  PROCEDURES,  AND  RESULTS  (Continued) 

5.2  Acoustic  Test  (Continued) 

5.2.2  Procedures  (Continued) 

The  output  of  the  three  microphones  was  recorded  on  the 
level  recorder. 

The  test  specimen  was  subjected  to  the  "proposed"  test 
spectrum,  or  alternatively,  as  close  to  the  "requested" 
test  spectrum  as  shown  in  Figure  70  of  this  test  pro¬ 
cedure  . 

Upon  completion  of  the  Acoustic  Test,  a  visual  inspec¬ 
tion  was  performed. 

The  Goodyear  Representative  performed  a  post  Functional 
Test. 

5.2.3  Results 


A  visual  examination  of  the  test  specimen  revealed  no 
visual  evidence  of  damays  or  degradation  as  a  result  of 
the  Acoustic  Test. 

The  test  data  are  presented  in  Appendix  I  of  this 
report. 

A  photograph  of  the  Acoustic  Test  setup  is  shown  in 
Photograph  2  of  this  report. 

The  Acoustic  Test  Spectrum  Plots  are  presented  in  Figures 
71  through  76. 

The  Functional  Test  data  were  retained  by  the  customer 
representative . 
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5.0  REQUIREMENTS,  PROCEDURES,  AND  RESULTS  (Continued) 

5.3  Salt  Fog  Test 

5.3.1  .Requirements 

The  test  specimen  shall  be  subjected  to  the  Salt  Fog 
Test  in  accordance  with  Military  Standard  MIL-STD-810A, 
Method  509.1. 

Upon  completion  of  the  Salt  Fog  Test,  the  test  specimen 
shall  be  visually  inspected  for  corrosion  of  metals  and 
binding  of  moving  parts. 

A  Functional  Test  shall  be  performed  by  the  Goodyear 
Representative  upon  completion  of  the  above  test. 

5.3.2  Procedures 

The  test  specimen  was  installed  in  the  test  setup. 

A  5  percent  salt  solution  was  mixed  by  dissolving 
5+0.1  parts  by  weight  of  salt  in  95  parts  by  weight  of 
distilled  water. 

The  salt  solution  specific  gravity  was  checked;  it  was 
in  the  range  of  1.023  to  1.037  utilizing  the  measured 
temperature  and  density  of  the  salt  solution  as  shown 
in  Figure  509.1  of  Military  Standard  MIL-STD-810A. 

The  salt  solution  was  adjusted  to  a  pH  range  of  6.5  to 
7.2  at  95  +2  -4°F  and  collected  by  the  method  specified 
by  Method  509.1  of  Military  Standard  MIL-STD-810A. 

The  test  chamber  temperature  was  adjusted  in  the  exposure 
zone  co  95  +2  -4°F.  The  salt  fog  conditions  maintained 
in  all  parts  of  the  exposure  zone  were  such  that  a  clean 
fog  collecting  receptacle  placed  at  any  point  in  the  ex¬ 
posure  zone  would  collect  from  0.5  to  3  milliliters  cf 
solution  per  hour  for  each  80  square  centimeters  of 
horizontal  collecting  area  based  cn  an  average  test  of  at 
least  16  hours. 
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5.0  REQUIREMENTS .  PROCEDURES.  AND  RESULTS  (Continued) 


5.3  Salt  Fog  Test  (Continued) 

5.3.2  Procedures  (Continued) 

The  test  specimen  was  exposed  to  the  above  Salt  Fog  Test 
for  a  period  of  at  least  48  hours. 

Upon  completion  of  the  Salt  Fog  Test,  a  photograph  of 
the  test  specimen  was  taken. 

The  Goodyear  Representative  performed  a  post  Functional 
Test. 

5.3.3  Results 


A  visual  examination  of  the  test  specimen  revealed  no 
visual  evidence  of  damage  or  degradation  as  a  result  of 
the  Salt  Fog  Test. 

A  photograph  of  the  Salt  Fog  Test  setup  is  shown  in 
Photograph  3  of  this  report. 

The  test  data  are  presented  in  Appendix  I  of  this  report. 


The  Functional  Test  data  were  retained  by  the  customer 
representative . 
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Figure  77.  Packaged  D-21  Airlock 
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Figure  82.  Vibration  System  Schematic 
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Figure  86.  Solar  Shield 
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Figure  87.  Heat  Flux  Schematic 
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Figure  89.  Vacuum  Test  Instrument  Schematic 
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Figure  91.  Vacuum  Environment  Thermocouple  Location 
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Figure  96.  Vibration  Spectrum 
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Figure  104.  Continued 
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APPENDIX  XI 


ENGINEERING  REPORTS  OF  DEPLOYMENT 
VERIFICATION  TESTS  PERFORMED  AT  GAC 


ENGINEERING  REPORTS  OF  DEPLOYMENT 
VERIFICATION  TESTS  PERFORMED  AT  GAC 


Initial  deployment  tests  of  the  airlock  at  low  temperature  disclosed 
an  unsatisfactory  condition. 

In  the  end  analysis,  it  became  necessary  to  verify  whether  the  locking 
of  the  folded  material  was  caused  by  the  low  temperature  effect  on  the 
materials  or  a  result  of  long-term  storage  in  a  packaged  state. 

The  engineering  memoranda  in  this  appendix  cover  the  deployment  testing 
of  an  airlock  which  had  remained  in  a  packaged  state  for  9  months,  followed 
by  a  low  temperature  deployment  test  of  an  airlock  with  modifications  added 
to  cure  the  low  temperature  problem. 
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ENGINEERING  MEMORANDUM 

23  September  1969 
SP-7099 


Subject:  D-21  Airlock  Experiment  Vacuum  Chamber  Deployment 

Failure  Analysis  Report 


Reference:  (a)  SP-7087  dated  k  September  1969  ~  Thermal  Analysis  - 

Effect  of  Apollo  Telescope  Mount  on  D-21  Airlock 
Location 


INTRODUCTION  AND  SUMMARY 

The  initial  deployment  test  in  the  vacuum  chamber  at  Arnold  Engineering  Develop¬ 
ment  Center  (AEDC)  resulted  in  some  damage  to  the  expandable  structure.  The 
deployment  was  intermittent  and  final  expansion  step  was  rather  sudden. 

The  primary  reason  for  the  erratic  deployment  is  attributed  to  low  temperature 
effects  on  the  materials,  compounded  by  an  excessive  pressure  rise  prior  to  full 
preshaping  of  the  structure. 

A  review  of  all  pertinent  factors  indicates  that  the  environmental  test  procedures 
should  be  revised  to  more  realistically  simulate  the  orbital  space  environment  as 
well  as  some  design  improvements  to  the  airlock. 

For  design  improvement,  it  is  planned  to  add  a  thermal  insulation  blanket  to  the 
packaged  state  of  the  airlock  and  to  revise  the  pressurization  system  to  a  much 
slower  flow  rate  from  a  limited  supply  container.  The  thermal  environment  values 
are  being  revised  in  the  Qualification  Test  Procedures  to  reflect  the  thermal 
analysis  results. 


TEST  DESCRIPTION 

The  deployment  test  was  conducted  using  the  Qualification  Test  Unit  (GAC  Serial 
\  No.  l).  The  airlock  was  installed  in  the  Mark  I  vacuum  chamber  on  17  June  1969 
and  pump  down  was  started.  The  following  day,  the  LSg  cold  wall  cool  down  was 
started  at  11:3D  a.m.  and  deployment  was  initiated  at  5:^5  p-m.  At  the  time  of 
deployment,  a  test  thermocouple  located  on  the  ^xterior  of  the  hatch  read  -85°  F, 
and  th°  temperature  sensors  built  into  the  airlock  expandable  structure  were 
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reading  -»280  F  to  +42°  F.  The  test  was  intended  to  be  conducted  at  a  temperature 
-65°  F.  Internal  airlock  pressure  readings  were  recorded  during  deployment  and 
are  presented  as  Figure  106. 

Movies  were  taken  of  the  airlock  deployment  and  correlated  to  the  pressure 
recordings  (Figure  107)  • 

ANALYSIS  OF  DATA 

Based  on  the  above  temperature  readings,  it  was  theorized  that  the  exposed  expandable 
structure  must  have  reached  -8*°  F  or  even  colder.  The  difference  in  temperatures 
at  the  various  locations  could  be  attributed  to  the  fact  that  all  airlock  temperature 
sensors  are  packaged  well  into  the  interior  of  the  folded  material  in  the  launch 
configuration.  This  assumption  is  further  supported  by  subsequent  thermal  analysis. 

The  micrometeoroid  barrier  is  a  good  insulator  and  will  keep  the  interior  of  the 
airlock  fairly  warm  for  extended  cold  soak  periods.  The  exterior  will  chill  down 
quite  rapidly  and  this  is  what  apparently  occurred  during  the  vacuum  chamber  test. 

It  is  therefore  reasonable  to  assume  that  the  outer  inch  or  so  of  exposed  expandable 
structure  was  as  low  as  -85°  F. 

Movies  taken  of  the  airlock  deployment  were  analyzed  by  comparing  framing  speeds 
against  pressure  rise  recordings.  Results  are  correlated  on  Figure  106.  The  sudden 
deployment  event  corresponds  to  the  sharp  drop  in  pressure  at  approximately 6. C  seconds 
after  start. 

From  the  above  evidence,  it  appears  that  at  least  a  portion  of  the  expandable  structure 
was  in  a  "semi -frozen"  state  at  the  time  of  deployment.  An  excessive  pressure  rise 
occurred  with  the  airlock  restricted  to  approximately  30  percent  of  its  expanded 
volume  by  the  trapped  folds  of  material.  This  pressure  finally  produced  enough 
force  to  unwrap  the  folds  but  at  this  point  the  conversion  of  pneumatic  potential 
energy  to  kinetic  energy  occurred  so  rapidly  that  damage  to  the  structure  was 
incurred  in  the  unfolding  process. 


234 


SP-7099 
Page  4 

Inspection  of  the  airlock  disclosed  failure  of  the  filament  wound  structure  in 
two  areas,  several  areas  of  delamination  of  the  bladder  from  the  filament  wound 
cage,  and  a  number  of  rips  in  the  outer  cover  and  micrometeoroid  barrier.  A 
typical  rupture  of  the  outer  surface  is  shown  on  Figure  108. 

SUBSTANTIATION  TESTS 
General 

In  order  to  add  confidence  to  the  accuracy  of  the  above  analysis,  it  was  decided 
to  conduct  additional  low  temperature  material  tests  and  conduct  a  deployment  test 
in  a  vacuum  chamber  at  room  temperature. 

low  Temperature  Material  Tests 

The  results  of  low  temperature  tests  on  the  micrometeoroid  barrier  disclosed  an 
unexpected  effect.  This  data  is  shown  on  Figure  109.  Originally,  the  design  had 
been  based  cn  1.0  pcf  polyurethane  foam  for  this  layer  and  low  temperature  verifica¬ 
tion  tests  of  flexibility  had  been  carried  out  on  composite  sections  of  the  airlock 
structure.  Flexibility  had  been  maintained  well  below  -65°  F  and  this  temperature 
was  specified  for  environmental  qualification  testing.  Subsequently,  fire  retardant 
characteristics  were  added  to  the  material  requirements  as  a  result  of  the  Apollo 
fire.  At  the  time,  the  only  polyurethane  foam  which  met  the  new  "self-extinguishing 
in  air"  requirement  was  available  only  in  2.0  pcf  density.  An  erroneous  assumption 
was  cade  that  the  low  temperature  characteristics  would  be  reasonably  close  to  that 
of  the  1  pcf  foam.  As  can  be  seen  from  Figure  109,  the  2.0  pcf  foam  is  approximately 
15  times  stiffer  in  compression  modulus  at  -65°  F,  whereas  the  difference  is  in¬ 
significant  at  room  temperature.  There  appears  to  be  an  abrupt  change  in  the  stiffness 
characteristics  at  -20°  F  to  -25°  F. 

Sections  of  the  expandable  structure  using  both  1.0  pcf  ana  2.0  pcf  foam  were  cold 
soaked  to  varying  temperatures  as  low  as  -100°  F  in  the  folded  state.  These  were 
then  manually  unfolded  to  determine  the  degree  of  stiffness  in  a  qualitative  sense. 

The  1.0  pcf  foam  section  was  obviously  less  stiff  at  any  temperature.  Altho_r"*  the 
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2.0  pcf  foam  section  did.  exhibit  considerable  stiffness  increase  below  -20°  F,  it 
did  not  become  brittle  or  crack  under  manual  manipulation. 

Deployment  Verification  Test 

It  was  considered  important  to  establish  whether  the  locking  of  the  folded  material 
was  a  result  of  the  low  temperature  effect  on  the  material  or  a  result  of  long-term 
storage  in  the  packaged  condition.  The  crew  training  unit  was  selected  as  the  proper 
test  article  to  determine  this.  This  unit  had  remained  in  a  packaged  state  since 
delivery  to  Wright  Field  in  Octooer  1968.  (Approximately  9  months  storage) 

The  unit  was  returned  to  GAC  and  was  tested  in  the  vacuum  chamber,  23  June  1969* 

A  special  pressurization  system  as  shown  on  Figure  110  was  connected  to  the  inflation 
manifold.  The  reason  was  to  duplicate  the  design  flow  discharge  rate  but  to  reduce 
the  total  capacity  of  the  system  to  reduce  risk  of  damage  if  hang  up  occurred  duiing 
deployment-  A  standby  system  of  regulated  Ng  was  also  connected.  This  system  is 
used  to  maintain  shape  during  the  repressurization  of  the  vacuum  chamber. 

The  unit  was  also  deployed  vertically  upwards  instead  of  downwards  as  was  the  case 
at  AEDC  in  order  to  eliminate  the  benefit  of  gravity  aiding  the  unfolding  of  the 
material.  Tne  unit  was  successfully  deployed  at  a  chamber  pressure  of  .02  psia  and 
room  temperature.  The  pressure  rise  data  is  shown  on  Figure  111  together  with  photo¬ 
graphs  of  the  deployment  sequence. 

The  deployment  under  either  room  temperature  or  low  temperature  environment  shows  a 
characteristic  pressure  peek  part  way  through  the  deployment  cycle.  However,  this 
peak  for  the  room  temperature  case  is  only  one-sixth  the  value  of  that  for  the  low 
temperature  deployment.  The  deplovment  is  also  considerably  slower  with  no  pronounced 
hangup  of  the  packaging  folds. 


CONCLUSIONS 

1.  The  results  of  the  room  temperature  deployment  test  definitely  establish  low 
temperature  as  the  primary  cause  for  the  unsatisfactory  deployment  at  AEDC. 
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2.  low  temperature  materials  tests  establish  -20°  F  as  the  minimum  temperature  at 
which  deployment  should  be  attempted  with  the  current  airlock  structure.  (This 
temrerature  limitation  does  not  apply  after  deployment. } 

3-  A  reduction  in  initial  flow  rate  of  the  inflation  gas  could  be  of  some  benefit 
to  minimize  intermittent  deployment  effects. 

REMEDIAL  ACTION  BEING  TAKEN 

1.  The  airlock  in  the  packaged  shape  will  incorporate  a  multilayer  insulation 
cover  over  the  expandable  structure  to  maintain  orbital  temperatures  «t  time 
of  deployment  warmer  than  -20°  F.  (The  thermal  blanket  effect  was  analyzed 
and  reported  in  Reference  a . ) 

2.  The  airlock  pressurizatior  system  will  be  modified  to  provide  a  preshaping 
cycle  with  a  reduced  flow  rate  from  a  low  capacity  gas  supply.  The  new 
system  is  shown  schematically  on  Figure  112  and  the  pressure  tiow  character¬ 
istics  on  Figure  113. 

3.  Additional  test  thermocouples  will  be  added  tc  the  airlock  exterior  surface 
which  will  more  accurately  establish  the  expandable  structure  temperature 
during  deployment  tests. 

4.  The  deployment  tesn  ’.’ill  be  repeated  in  the  GAC  vacuum  chamber  with  the  airlock 
cooled  to  -20°  F. 
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ENGINEERING  MEMORANDUM 


1  January  1970 
SP-7232 

Subject:  D021  Airlock  Vacuum  Chamber  Low  Temperature 

Deployment  Test 

Attachment:  (a)  Environmental  Qualification  Test  Procedure 

GER-13088  Rev.  C,  Page  63a  dated  September  1969 

(b)  DTI  GA597-30  -  Expandable  Airlock  Deployment  Test 
Plan  dated  10  December  1969 


PURPOSE 

The  purpose  of  the  low  temperature  low  pressure  deployment  test  is  to  demonstrate 
satisfactory  operation  of  the  airlock  deployment  system  under  these  conditions. 

TEST  PROCEDURE 

The  test  procedure  which  was  followed  is  defined  in  attachment  (a).  This 
procedure  is  essentially  identical  to  that  specified  in  attachment  (b)  except 
that  the  altitude  during  the  test  was  150.000  ft  instead  of  200,000  ft.  It  is 
considered  that  this  slight  ifference  in  pressure  is  insignificant  in  this 
particular  test. 

TEST  EQUIPMENT 

The  following  test  equipment  was  used  to  perform  the  test. 


Item 

Model 

Serial  No 

1. 

Digital  Voltmeter 

NLS  M0DU51 

AF  80092 

2. 

Power  Supply 

KEPCO-MOD  SC  32-15A 

GA38-710-J 
S/N  C30191 

3- 

Igniter  Circuit  Test 

ALINCO  MOD  101-53FC 

GFE  15 

u. 

Manometer 

MERIAM  MOD  A203 

L1157 

S/N  56751 

5- 

OSC  Power  Supply 

CSC  Type  2-105^ 

N003598 
S/:i  liO-1;? 

6. 

Carrier  Amp 

CEC  Type  1-113B 

-35-1085 

s/i;  2213? 
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Item 

Model 

Serial  No. 

7. 

Carrier  Amp 

CEC  Type  1-113B 

1435-108^ 

S/N  13*4  B6 10 

I 

I 

i 

i 

8. 

Recorder 

Azar  LN  69809 

L-5^78 

S/N 

t 

f 

9- 

Recorder 

Azar  LN  69809 

G1306 

S/N  A-60-i+8^9-5 

10. 

Recorder 

Azar  III  69809 

G  138*4 

S/N  B -6*4 -58602 -1-1 

11. 

Recorder 

Honeywell 

MOD  153058^6 -2k- 
-000-015-10-168 

S/N  X5-R  12150 

-02-1 

12. 

Pressure  Transducer 

KP-15 

20M43 

i 

13. 

16  MM  Motion  Picture 
Camera 

* 

lU . 

American  Research 

Test  Chamber 
(  -100°F  to  +ii00oF  Temp 
Range,  Atmospheric  to 
250,000  Ft.  Ait.) 


TEST  SETUP 

The  test  setup  and  instrumentation  are  shown  schematically  in  Figures  114  and  115. 
Figure  Ho  shows  the  location  of  the  airlock  integral  temperature  sensors  which 
were  read  out  on  the  digital  voltmeter. 


m  i 


TEST  SEQUENCE 

Ttie  airlock  unit  was  installed  in  the  vacuum  chamber  and  tne  instrumentation 
checked  out  by  ^20  on  December  11,  19ty-  The  chamber  was  set  for  -10°F 
and  left  for  or.  f.,rr:;v.t  temperature  soak,  it  0:15  AM  on  December  12,  1969? 
the  ''hp-'ber  ret  *•-  -2-cr  by  10:"0  A-’.  4  *  e-iperetures  were  in  the 

.  an*  c  c*i  -1?  r  i.i<  x*  .  _ne  uiiBsocc  was  uu,...ku  down,  me  initial 

deni  v.;n.  aiVv.e;  as  srortec  when  ti.'.-  lestrair.t  harness  did  not  respond 
by  failing  away  as  expected  af" or  roles  re  of  the  retaining  mechanism.  During 
represrurization  cf  ■he  chamber,  t:v  rtrars  did  fall  away  without  any  other 
disturbance.  Inver- i.-n  cion  cf  ti  -  ha  river  release  hardware  dia  not  disclose 
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TEST  SEQUENCE  (Continued) 

any  defects  in  the  parts,  so  it  was  theorized  that  the  straps  did  not  have 
any  residual  tension  due  to  lack  of  resilience  in  the  airlock  at  the  low 
temperature  condition.  However,  as  a  precautionary  measure  the  retaining 
collar  clearance  was  increased  by  .005  in.  to  eliminate  any  possibility  of  a 
hangup  due  to  foreign  particle  binding.  (This  design  change  has  been 
released  effective  on  all  units.) 

By  2:k0  PM  the  collar  had  been  reworked  and  the  temperatures  again  stabilized 
to  -20°F.  By  3:15  PM,  the  chamber  had  been  pumped  down  to  .02  psia,  and  the 
deployment  was  successfully  accomplished.  Movies  of  the  sequence  were  taken 
through  the  chamber  viewing  port. 

The  airlock  was  subsequently  inspected  and  found  to  be  in  satisfactory 
condition. 


TEST  HAT./* 

The  airlock  internal  pressure  time  history  is  plotted  on  Figure  117.  A  sequence 
of  photograph:  shows  the  airlock  in  various  states  of  deployment  on  this 
same  plot. 


Figure  118  shows  the  preshaping  pressurization  bottle  pressure  versus  time. 


Figure  119  records  the  external  thermocouple  time  history  during  deployment. 

The  data  taken  from  the  integral  airlock  thermistors  located  as  shown  on 
Figure  116  is  listed  below. 


Four  of  these  are  on  the  outside  surface  of  the  airlock  and  two  on  the  inside 
surface.  When  the  unit  is  packaged,  these  are  folded  -well  into  the  interior 
of  the  expandable  structure. 
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EXPANDABLE  AIRLOCK 
DEPLOYMENT  TEST  PLAN 


The  purpose  of  the  expandable  airlock  deployment  test  is  to  demonstrate  deploy¬ 
ment  sequence  of  the  unit  at  low  temperature  (-20  to  -25°F)  and  low  pressure 
(150,000  ft-}.  The  test  unit  will  be  the  Crew  Training  Unit  (Serial  No.  1) 

CAUTION :  Test  unit  must  be  handled  with  white  gloves. 

During  the  test  the  following  data  is  to  be  recorded: 

A.  Temperatures 

1.  6  existing  thermisters  on  unit 

*2.  3  outside  of  thermal  blanket 

*3.  3  inside  of  thermal  blanket  on  airlock  outer  cover 

4.  I  on  hatch 

5.  1  on  base  structure 

6.  1  on  battery 

*  Locate  in  pairs,  one  inside,  one  outside 

B.  Pressures 

1.  Chamber  pressure 

2.  Airlock  internal  pressure  transducer 

3.  Bottle  pressure  transducer 

4.  Airlock  internal  pressure  (some  means  other  than  unit  transducer) 

C.  Motion  Pictures  -  Wide  angle  lens  is  required 
Camera  speec  to  be  64  fps 

The  low  pressure  bottle  is  to  contain  an  0.021  inch  orifice  and  is  to  be  charged 
to  250  psi. 

The  unit  is  to  be  cold  soaked  at  -25°  F  until  all  thermocouples  generally  reach 
-20°  F,  at  which  tire  pumpdown  will  commence.  During  the  cold  soak  the  battery 
heaters  will  be  off.  Prior  to  pump-do^n  the  battery  heaters  will  be  turned  "ON" 
ana  left  cu  for  the  1 ema inner  of  tne  t'sl. 


13.0  LOW  PRESSURE  AND  LOW  TEMPERATURE  DEPLOYMENT 
13.1  Purpose 

The  purpose  of  the  low  pressure  and  low  temperature  deployment  test  is  to 
demonstrate  satisfactory  operation  of  the  deployment  mechanism  under  these 
conditions. 

13*2  Test  Equipment 

The  following  equipment  or  equivalent  will  be  used  for  the  performance  of 
the  deployment  test: 

(1)  American  Research  Test  Chamber 

Temperature  Range 
Pressure 

Relative  Humidity 
Calibration  Period 

(2)  Two  (2)  Azar  strip  chart  recorders 

Calibration  Period  3  months 

(3)  Two  (2)  Brown  Multi-Channel  Temperature  recorders 

Calibration  Period  3  months 

(I4)  One  (l)  l6  run  motion  picture  camera 
13.3  Test  Setup  ana  Procedure 


-100°  F  to  +1+00°  F 
Atmospheric  to  250,000  ft. 
20  to  95 1o 
3  months 


The  expendable  airlock  will  be  instrumented  with  approximately  sixteen 
thermocouples  on  the  expandable  structure  and  the  thermal  blanket.  The  unit 
will  then  be  packaged  and  placed  in  the  American  Research  test  chamber.  The 
NASA  Airlock  Simulator  (checkout  set)  will  be  connected  to  the  airlock  with 
the  output  of  the  two  low  pressure  transducers  being  recorded  on  two  Azar 
strip  chart  recorders.  The  thermocouples  will  be  connected  to  the  Brown 
multi-channel  temperature  recorders. 

The  temperature  in  the  test  chamber  will  be  reduced  to  -20°  F  and  allowed  to 
stabilize.  After  stabilization  of  the  temperature  has  occurred  the  pressure 
in  the  chamber  will  be  reduced  to  200,000  feet.  During  pumpaown  the  electrical 
vent  valve  will  be  open. 

When  200,000-foot  altitude  is  reached  the  vent  valve  will  he  closed.  The 
recorders  and  the  motion  picture  camera,  setup  to  record  the  deployment 
sequence,  will  be  started.  The  restraint  straps  will  then  be  released.  After 
release  of  the  restraint  straps,  the  deployment  pressure  bottle  squib  will  be 
fired. 

13.1*  Acceptance  Criteria 

Upon  completion  of  the  deployment  test,  the  airlock  must  not  show  any 
indications  of  deterioration  of  materials  or  construction. 


250 


Pressurization  System  and  Instrumentation 


TC  5  &  6 


Inside  surface  of 
thermal  blanket. 

Outside  surface  of 
thermal  blanket. 

Outside  surface 
airlock  expandable 
structure. 

Outside  surface  of 
thermal  blanket. 

Outside  surface 
airlock  expandable 
structure. 

Outside  surface  of 
thermal  blanket. 

Outside  surface  of 
hatch. 

Outside  surface  of 
base . 

Battery  case  surface. 


Figure  115. 


Tr.evmccouple  Local  i ,  r. 
T-*st  Thermocouples 
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WINDOW  REFERENCE 


Figure  116.  Airlock  Integral  Temperature  Sensors 


D021  Airlock  Deployment 


TIME  -  SECONDS 

Figure  118.  Low  Temperature  Vacuum  Chamber  Deployment 
Internal  Pressure  of  Preshaping  Bottle 
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D021/D024  VIBRATION  TEST  REQUIREMENTS 


GOODYEAR  AEROSPACE 

CORPORATION 


18  September  1970 

In  Reply  Please  Refer 
To:  sp-7534- 


Mr.  E.  0.  Walker  PM-SL-DP 
Rational  Aeronautics  &  Space  Administration 
George  C.  Marshall  Space  Flight  Center 
Huntsville j  Alabama  35812 


Si£  ject: 
Enclosure : 


Reference  -• 


D021/D024  Vibration  Test  Requirements 

(A)  McBonnell-Douglas  Astronautics  Company 

Preliminary  Interface  Revision  Eotice  (P'jlRN)- 
ED-02  to  ICD13I-a2011  dated  2  September  1970 
(Pages  5  and  6  only)  -  3  copies 

(b)  SM-9780,  GAC  Stress  Department  Memo 

dated  September  11,  1970  -  3  copies 

(a)  CER-I3088,  Rev.  D  -DC21  Environmental  Qia lification 
Test  Procedure,  dated  March  1970 

(b)  GER -14845  -  DC21/dC24  Environmental  Qualification 
Test  Spec,  for  Material  Samples 

(c)  GER-14830  -  D021/D024  Environmental  Qualification 
Test  Procedure  for  Material  Samples 


Dear  Mr.  Walker: 


The  vibrati-on  environments  defined  by  MDAC  in  Enclosure  (A)  PIRN  were  compared 
with  the  acf-ual  D021  vibration  Qualification  Test  as  performed  per  Reference 
(a)  and  also  with  the  vibration  spectrum  as  defined  in  Reference  (b)  for  the 
D021/D024  Material  Samples  and  Material  Return  Container.  Enclosure  (B) 
presents  an  evaluation  of  the  severity  of  these  vibration  environments  as 
imposed  on  the  structural  characteristics  of  both  the  1X521  and  P024  experi¬ 
ments  . 

This  analysis  indicates  that  the  vibration  test  as  defined  in  Reference  (b) 
and  successfully  performed  at  AEDC  on  the  DC21  Airlock  Qualification  Test  Unit 
is  considered  to  indicate  adequate  structural  integrity  of  the  airlock  experi¬ 
ment  to  also  withstand  the  Enclosure  (A)  vibration  spectrum. 


Page  2 
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The  analysis  shows  similar  results  for  the  D024  experiment,  but  this  test 
has  not  been  performed  pending  availability  of  test  hardware.  Therefore, 
References  (b)  and  (c)  will  be  revised  to  incorporate  the  new  data  and  the 
testing  conducted  accordingly. 

The  enclosed  data  are  forwarded  to  the  NASA  Skylab  Program  Office  for  review 
and  substantiation  of  GAC's  opinion  that  the  vibration  test  already  performed 
on  the  Qualification  Test  Unit  need  not  be  repeated  to  the  new  values  specified 
on  Page  5  of  Enclosure  (a). 

Very  truly  yours, 

GOODYEAR  AEROSPACE  CORPORATION 

y/  /// 

L.  Manning 

LM/emg 

cc:  F.  W.  Forbes  -  With  Enclosures 
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DESCRIPTION: 


NOW  CONDITION  (Pago  12) 


Figuro  3.2-1 


VIBRATION  AND  SHOCK  DESIGN  ENVIP/WUFMT  FOR  HARDWARE  MOUNTED  ON  THE  AM  TRUSS 


Vehicle  D/.-ramice  Criteria 
Flight  Axis  (3-40  Hz  at  3  oct/min) 

3  —  7  Hz  at  0.52  inches  double  amplitude  displacement 

7  -  15  Hz  at  1.3  g'3  peak 

15  -  20  Hz  at  0.11  inches  double  amplitude  displacement 

20  -  40  Ha  at  2.3  g*s  peak 

lateral  Axe3  (2-20  Hz  at  3  oct/min) 

2  -  10  Hz  at  0.14  g’a  peak 

10  -  20  Hz  at  0.035  g*3  peak 

Hifrh  Lev--1  n~.ndo~;  Criteria  (1  min /axis) 


20  Hz  at  0.017  g^/Hz 
20  -  60  I:z  at  +9  dS/oct 

60  -  130  Hz  at  0.45  zr/Kz 
130  -  185  Hz  at  -9  d3/oct 
IP 5  -  POO  Hz  at  0.15  g?/Hz 
SCO  -  2000  Hz  at  -9  dO/oct 
2000  Hz  at  0.010  g2/Hz 


Composite  =>  14.0  gnus 


Lqt.  Level  Rendon  Criteria  (4  nin/axis] 


20  Hz  at  0.012  g2/Hz 
20  -  60  Hz  at  +9  dB/cct 

60  -  130  Hz  at  0.34  g2/Hz 
130  -  185  Hz  at  -9  do/oct 
185  -  COO  Hz  at  0.12  g2/Kz 
800  -  2000  Hz  at  -9  aB/oct 

2000  Hz  at  O.C074  g2/Hz 

Pyrotechnic  Shock  Spectrum 

10  Hz  at  4,7  g’s  peak 
10  -  300  Hz  at  +3.0  d5/oct 
800  -  3000  Hz  at  1240  £'s  oeak 
3000  -  1C000  Hz  at  -7.0  dB/oct 
10000  Hz  at  290  g's  peak 


Composite  =  11.8  gras 
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DESCRIPTION: 


NCW  CC.’JDITIOM  (Pago  13)  Figure  3.2-2 

VIBRATION  ;VT>  ^HOCK  POSTON  ENVIRONMENT  FOR  HARDWARE  MOUNTED  OX  THE  DA  TRUSS 

Vehicle  Ovtip .riles  Criteria 

Flight  Axis  (3-50  Hz  at  3  oct/r.iin) 

3  -  6.5  Hz  at  0.50  inchoo  double  amplitude  displacement 

6.5  -  25  Hz  at  1.1  g’s  peak 

25  -  50  Hz  ct  2.8  g's  peak 

Lateral  Axes  (2-20  Hz  at  3  oct/min) 

2  -  10  Hz  ct  0.10  inches  double  amplitude  displacement 

10  ~  20  Hz  at  0.035  g'3  peak 

Idft-OTf  H'r.do-i  Vibrnti  on  Criteria  (1  r.in/axla) 

20  -  35  Hz  at  C.10  g2/Hz 

35  -  100  Ha  at  -12  dE/oct 
100  -  65 0  Hz  at  0.0022  G2/Hz 
850  -  2000  Hz  at  -6  dB./oct 

2000  Hz  at  0.CCC42  g2/Hz  Comj>03ite  =  2.3  gras 

Poost  P'-r.dc"!  Vjhrr.tj.on  Criteria  (2  nin/sxi.3) 

20  -  35  Hz  r*t  0.036  g2/Kz 

35  -  50  Hz  at  -12  dB/oct 

50  -  1000  Hz  at  0.01  g2/ Kz 
1000  -  2000  Hz  at  -6  dB/oct 

2000  Hz  sc.  0.0025  {^/Kz  Compoaite  =3.9  gnns 

P~fro^  cchniz  S-.uc:.  Criteria 

10  Hz  at  0.7  g'3  peak 

10  —  1C00  Hz  at  +?.?  d3/cct  . 

1000  ..  4C00  Hz  at  240  g's  peak 
4000  -  10000  Hz  at  -7.0  dB/oct 
10CD0  Hz  at  84  g'3  peak 


MEMORANDUM 


Septeoiber  11,  1970 
SM  9780 


To: 


From: 


Enclosure: 

Subject: 


L.  Manning 

Project  Engineer  of  Airlock 
Dept.  453G 

J.  E.  Rice 

Section  Head  Vibrations 
Dept.  456G 

Houmard's  Analysis  and  PSD  Requirements 

Consequence  of  Change  in  Vibration  Qualification 
Levels  for  Airlock  and/or  Samples 


The  new  requirements  should  not  require  retesting  of  tne  airlock  or 
samples.  This  conclusion  is  based  on  the  following  facts: 

The  random  specifications  were  compared  and  the  new  requirements  are 
superposed  in  broken  lines  on  the  old  require nents.  From  Figure  120, 
it  can  be  seen  that  the  input  for  the  6x6  inch  samples  is  increased 
from  60  to  120  Hz,  but  is  reduced  markedly  from  180  to  900  Hz.  These 
small  samples  will  not  be  affected  by  the  low  frequency  change  but 
will  receive  a  significantly  smaller  input  at  the  high  end.  The  over¬ 
all  g  rms  is  reduced  from  21  to  14  and  most  of  this  is  due  to  reduction 
in  input  from  180-900  Hz.  The  consequence  of  the  change  is  to  reduce  the 
response  of  the  samples. 

The  changes  in  the  sine  wave  input  for  the  samples  increases  the  input 
from  1  g  to  2.3  g's  in  the  frequency  range  from  15-40  Hz  but  the  new 
requirement  cuts  off  at  40  Hz.  Since  the  sample  natural  frequencies 
are  probably  higher  than  40  Hz,  the  small  increase  in  g  level  is 
insigni f icant . 

For  the  deployment  assembly  the  changes  in  random  vibration  requirements 
are  shown  on  Figure  121.  In  addition  to  the  new  requirement  shown  in  broken 
lines,  a  series  of  vertical  lines  will  be  noted  at  various  frequencies. 

These  are  the  values  of  the  natural  frequencies  of  the  D021  components  such 
as  the  battery  box  and  pressure  bottles.  The  associated  Q'e  are  also  included. 
These  numbers  were  obtained  from  test  records  of  the  1  g  tests  at  the  Arnola 
test  facility. 

The  random  levels  of  the  new  requirement  are  significantly  less  than  the 
random  levels  already  experienced  at  Arnold. 
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SM  9780 


The  new  sine-wave  requirements  increase  from  1  g  to  2.8  g's  from  25  to 
50  Hz  along  the  flight  axis.  The  battery  box  has  natural  frequencies  at 
34  Hz  with  a  Q  =  12  and  at  41  Hz  with  a  Q  =  12.  The  response  levels  of 
the  battery  box  along  the  flight  axis  will  be  (2.8)  (12)  =  33.6  g's  if 
the  Q  does  not  change;  however,  almost  without  exception  the  Q  level  will 
reduce  as  the  g  level  increases  with  objects  mounted  as  the  battery  box  is 
mounted . 

For  conservatism  it  will  be  assu-  ‘iat  the  Q  level  will  not  be  reduced 
so  an  output  of  33.6  g's  will  be  ..  rned. 

A  stress  analysis  was  performed  using  an  input  of  54  g's  which  represented 
the  3  sigma  value  from  random  noise  plus  6  g's  of  acceleration. 

Even  with  an  input  of  54  g's  there  is  a  safety  factor  of  50  percent  based 
on  critical  buckling  so  an  input  of  33.6  g's  is  not  a  problem. 

The  stress  analysis  is  enclosed. 


J.  E.  Rice 

Vibration  &  Acoustics 
Structural  Analysis  Department 

JER/mw 
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